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NOTES ON, AND POSSIBILITM1 CT7 jciCTld zATlON OP PlSH 

PONDS IN INDONESIA. 

By K. F. Vaas, Head of the Laboratory of Inland Fisheriee, General AgricuUural 
Bmarch Station, Bogor, Indonesia. 

(Communicated by Dr. S. L, Hora, F.N.I.) 

Po|»r read at the Symposium on ‘ Organic vs. Inorganic Manures’, held under 

the auspices of the National, Institute of Sciences of India at Bangalore, on 1st 

January, 1951. 

In Indonesia' pond cultivation, as well as rice culture, is carried out by the 
small farmer on a small scale. The owner or tenant of a pond is usually a simple 
‘ tani’ with only limited hnancial means, although endowed with considerable tech^« 
cal skill. Usually he will be quite unable to expend large sums on fertiUzers or manure 
for use in his ponds. For this reason artificial fertilizers are not used by the 
Indonesian fish-growers. 

In recent years attempts have been made to intensify the fisheries industiy by 
initiating co-operative movements, but as the level of education of the entire popula- 
tion has to be raised for this purpose and, in the first place, more settled conditions 
than the present are essential, hardly any results have so far been attained. 

The above remarks are a necessary preliminary to our considerations on fertiliza- 
tion of ponds since they clearly demonstrate the great difference between the situation 
in Europe and America and that in Indonesia. For the same reason the use of fertili* 
zers in ponds hardly ever formed the subject of investigation in this country. 

Fish cultivation in Indonesia may be divided into the following classes. 

1. Culture of the bandeng {Chanos chinos (Forsk)) in brackish-water ponds 
(‘tauibaks’) situated along the shallow north coast of Java, along the coast of 
Madura and elsewhere. 

2. Culture of common carp, other Cyprinidae and some Labyrinthioi in fresh- 
water ponds, irrigation reservoirs and lakes in Java and elsewhere. 

3. Culture of common carp in paddy fields, either simultaneously with, or 
after the rice. 

An increase in the natural food production of the pond being the aim in 
all methods of fertilization, the principal question is the kind of natural food wanted 
in each indi\^dual case. Moreover, under what environmental circumstances is 
this food produced in the ponds and how is this food production influenced by 
cultural practice. 

Schuster’s monograph on tambaks gives the following data relevant to our 
purpose. 

In brackish-water ponds the depth of^the water does not exceed 40-60 cm. 
As the same applies in most fresh-water ponds we can state that the Indonesian pond 
is a shallow one. Tambaks are flooded with sea-water together with fresh-water. 
Consequently, the salt concentration in the water fluctuates between 0 and 260 
per mUle at various times of the year. 

Values between 0 and 60 per mille are most frequent. Cwsequently, alkal^ty 
is rqj^er high (between 3 and 4*6 c.c. HCl/per litre) and there is no lack cdoium; 
pH values fluctuidie between 7*1 and 7-9; the natural buffer capacity of the sea- 
water preventing greater fluctuations. The average amount of P is of the order of 
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4‘3-6*2 mgr./m,*, whic^ is very minute. Potassium, on the other hand, is abundaidi'. 
The fresh-water flowiiLg in from the land side contains a fair amount of sediments 
r,ich in P. and K, but poor in nitrogen (Schuster, 1960). 

- Fresh-water ponds dug in all kinds of soils and receiving all types of water show 
a great diversity in environmental factors. 

Vaas (1947) gives some analyses. 

Nitroobn and Oxyobn. 

Rain-water contains ammonia and nitrates in amounts varying videly, depending 
on the amount of these gases present in the atmosphere. Nitrogen compounds in 
the air are generated by various activities of man (dungheaps, stables, factories). 
For this reason continuous rain will be less rich than intermittent showers. In 
Table I, two values both determined in Indonesia but differing rather widely, are 
given. 

Tablb 1 . — Nitrogen content of rain in Indonesia. 


Rain in mm. N(N 08 )-N(NH 4 ) N(N 03 )-N(NH 4 ) 


Location. 

Year. 

per annum. 

kg./ha./year. 

mgr. /I. 

Author. 

Deli 

1926-1940 

2,(m 

30 

1-6 

Roelofsen (^l) 

Bogor 

1948-1949 


13 

0-26 

Baars (1960) 


However, as Baars (l.c.) pointed out, these large amounts of nitrogen cannot 
enrich the ponds without heavy losses. 

Especially when showers are heavy, most of the water will leave the pond 
immediately via the outlet, and in that case when the pond water contains more 
nitrogen than the rain, all rain causes a dilution. When investigating nitrogen 
conditions in paddy fields, Baars found a considerable nitrogen fixation in the soil, 
firstly in the form of NH 4 , which compound is converted into nitrate later on. How- 
ever, heavy rains wash out a large portion of the nitrates previously formed. 

The amount thus fixed and lost again proved to bo much larger than the amount 
consumed by the rice plant during growth. For the rice plant in the paddy field, it 
is not so much a question of the quantity of nitrogen in the soil but rather of its 
availability. 

It is deemed to be of primary importance to repeat Baars’ paddy field investiga- 
tions in fresh- water ponds, as many environmental factors are different in this case. 
Most paddy fields are dry during long periods and, even when flooded, conditions for 
aerobic nitrogen fixation seem to be realized. 

Ponds are drained for short periods in between long cultivation periods. A 
heavy layer of mud containing remains of plants and animals is usually found on 
the bottom. Formation of HgS was frequently observed,* especially in tambaks 
where it was found to kill young fry. Detailed observations are lacking, but in 
tambaks 10-30 per cent saturation of oxygen was found at the surface of thg water 
in the morning, indicating that the amount of oxygen on the bottom must be small 
indeed. In the mud, however, anaerobic conditions must exist. Accordving to 
Schuster (unpublished data), anaerobic mtrogen-fixing bacteria of the Clostridium- 
type occur in tambak mud. How'ever, if we assume an anaerobic fixation by 
Closteria we cannot assume a nitrification in the same place. 

According to Allinson ef oZ., De, and others, whose work was summarized by 
Fogg (1947), it is highly probable that the dense bottom vegetation of blue-greer 
algae, consisting of such species as Phormidium, OscUlaioria, Microcoieua tmd Lynghia, 
living on the mud in contact with both mud and water, is capable of aerobic nitroger 
fixation. This was proved for many — unfortunately other — species in p^dy fields ir 
India. Thus this layer of bottom algae probably has a double function in Indonesiar 
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tambaks, its fbootion as a food for the bandeng being well established. (Sohnster 

l.e.) • 

The fundamental question as to whether the soil layer of our fresh>wateiC pon^ 
is devoid of oxygen or not still needs experimental elucidation. It is obvious that the 
tmswer to this question should be the basis for all fertilization projects. As the 
oxygen from the water on the bottom must be the principal source for the oxygen 
in the soil itself, we will describe briedy what is known about the availability of this 
gas in ponds here. Even in the morning, just before sunrise, when there has been 
no photosynthesis throughout the night and oxygen-consuming processess have 
been able to exert their maximal iniiuenoe, in most oases there proved to be a certain 
amount of oxygen in tKe bottom layers of the water. The reason is found in the 
temperature tluotuations of the w'ater. Fig. 1 (unpublished measurements made by 
M. Saohlan and I. Zahir) shows the fluotuations of the water temperature at the 
surface and on the bottom of a pond in Bogor in relation to the temperature of the 
air. It follows that only during the short period betw'een 11 a.m. and 4 p.m. did 
the pond show a stratiiioation with a very slight stability (difference in temperature 
1® only), and that during the period betw'een 6 p.m. and 9 a.m. the following morning 
the pond showed an inverse stratification owing to the steep drop in temperature of the 
air and the strong heat-retaining power of the mud on the bottom. It follows that 
during this second period the water must be in constant circulation even without 
any disturbing infiuence of the wind, as a heavy layer of cold water lies on top of a 
warmer layer with a lower density. This constant circulation brings about trans- 
portation of oxygen from tho air to the bottom layers. Busohkiel (1939) investigated 
the same phenomenon in Javanese ponds with the aid of self-recording apparatus and 
arrived at similar conclusions. 


i«c. 



Fio. 1. Daily fluotuations iu temperature in a shallow pond in Bogor. 


Fig. 2 shows the result of an experiment earned out by^ the author and 
Saohlan in a pit at Bogor, measuring 2 metres by 1-20 m. in diameter, ^mparro 
with Fig. 1, where water having a depth of 60 cm, was measured, we find that the 
bottom layers do not warm up so much, resulting in a greater difference between 
su^foce and bottom temperature. On the bottom of the pit a fair quantity of 
decaying plant parts was accumulated and for this reason tho amount of CO* on the 
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bottom was fairly higl|i; but even then the amount of oxygen Aid not drop below 
3-8 mgr./l-, which meatts a saturation of 48 per oent. 

i«C. 
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Fio. 2, Daily fluctuations in a 2 m. deep pit in Bogor (Java). 

The outstanding importance of the stratitication of the water for successful 
fertilization was recently emphasized again by Cooper and Steven (1948) in a critical 
review of the w'oll-known experiments on fertilizations, carried out in Lock Craiglin 
in Scotland, whore large amounts of phosphates were used to fertilize a -small and 
shallow sea arm. According to those workers one of the principal reasons why the 
Scottish investigators did not succeed in making phosphate addition to sea arms 
an economic process, is to be found in the strong stratification of the water. 

As winter conditions do not obtain in the tropics shallow^ ponds here do not 
show an annual change-over from a long stagnation period to a period of mixing, 
but are subject to a daily change instead, as was pointed out by Buschkiel (l.c.) and 
various others. He also mentions that in the upper soil layefr of Indonesian ponds 
there is no pronounced acidification, as drained bottoms show a pH between 6-6 
and 6-8, which value increases rapidly while the dry pond is exposed to the sun. 
On the other hand, the investigations of \^an Raalte (1941) proved that the rice 
plants in our paddy fields have to roly on transport of oxygen from the air via leaves 
and stems to their roots. Recently the soils of paddy fields were investigated by 
Koenigs (1950) and De Gee (1960) at the Agricultural Research Station at Bogor. 

The first aiithor examined soil profiles in paddy fields and found that under the 
plonghpan at a depth of about 20 cm. a layer rich in iron hydroxides and manganese 
oxides occurred, which layer was formed when, in a reduced state, these metals 
sank through the topsoil with the water and were oxidized again in the subsoil. 

De Gee was able to confirm this hjnpothesis by means of redox-potential measure- 
ments, finding strongly anaerobic conditions in the mud layer and a rise in the redox- 
potential value, of the upper mud surface at a depth of 26-30 cm., precisely at the 
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depth at v^ioh the manganese-oxide layer is found. Figi 3 shows a simplified 
laoture of the situation. The anaerobic situation is the direlt tesult of the inunda- 
tion, smc^n non-irrigated fields there is no drop in redox-potential (broken line ip 
graphs. Preliminary experiments in ponds indicated that the mud layer is strongly 
anaerobic, but in the hard soil under it the redox -potential rises again. 



Fio. 3. Redox-Potential in soil of a wet paddy Hold (solid lino), and on a non-irrigated field in 
the neighbourhood (broken line). After de Qee. 

As a result of his elaborate studies on the exchange of minerals between mud and 
water in English lakes, Mortimer (1941) concluded that the anaerobic phase during 
stagnation was suitable for mineral exchange, especially of phosphorus, whereas the 
aerobic circumstances during the annual periods of mixing prevented such exchange 
because the oxydated iron compounds retained the phosphates. 

Sumntarizing, we can state that we are far from being in a position to jpdgc how 
organic fertilizers will be affected by environmental conditions in the water and the 
soil. We cannot yet decide whether the strong N-fixation observed by Baars in 
paddy fields will occur in ponds, nor are we certain about the leaching out of the 
nitrates. Thus, although agricultural practice in Indonesia led to the conclusion 
that nitrogen fertilization in paddy fields did not give good results, we are by no 
means oeitain that the^same rule applies to ponds. 


Oabbon dioxide. 

Igwingle (1947) and many others hold the view that carbon dioxide, the basis 
of all photosynthesis, may often be a most important minimum factor for production 
in water. Burr (1941) and others proved that algae have their maximal photosyn- 
thesis at carbon-dioxide pressures far exceeding those usually found in natural waters. 

This is an important reason why waters with a low calcium content are less 
fertile. Such waters are unable to hold a sufficient amount of bicarbonate in solu- 
tion and for that reason the COg pressure is bound to remain low. 

. Waters deficient in calcium have to rely on difihsion from the air in order to 
obtain the ewbon dioxide necessary for photosjmthesis. When such waters are not 
stirred by the action of the wind, the amount entering by means of difihsion only 
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must remain very low j^eoause, as Burr pointed out, although diffusion of COj occurs 
about 25 times as rapimy as diffusion of Og of the same pressure, the partial pressure 
of the latter gas in the air is about 700 times as high. Consequently, diffusion must 
be about 28 times as slow as oxygen diffusion. 

When one notices the numerous examples in limnological literature of the slow 
rate of oxygen diffusion, one should not forget that carbon dioxide is much slower 
still. As stated above, the water in Indonesian fish ponds is in constant circulation 
for the greater part of the time. Furthermore, a constant supply of carbon dioxide 
is provided by the mud and often by the respiration of the zooplankton. 

According to Holl (1932), free carbon dioxide would bqthe only suitable source 
of carbon for photosynthesis of Peridineae, although the author’s observations in 
Java do not support this statement (\'aas, 1948). Ruttner (1947) found photo- 
synthesis of water mosses {Fovtivales) with bicarbonate weaker than that with COj. 
On the other hand, many other aquatic plants, such as Elodea, were found to consume 
the bicarbonate freely, thus increasing up to 1 1 the pH of solutions by the action of 
their photo 83 mthe 8 i 8 . 

In Indonesian ponds having a low calcium content, carbon dioxide production 
on the bottom is in many cases sufficient to maintain a fair concentration even when 
photosynthesis has reached its maximum. Markus (unpublished data) found the 
following figures when examining the carbon dioxide in ponds at Bogor, where calcium 
is low. 


Table II . — Carbon dioxide 

content of a pond in Bogor {after Marlcm). 

Location. 

COg mgr. /I. at 

10 a.m. J p.m. 

Surface 

70 3-4 

22 cm. 

7 2 4 1 

42 cm. (bottom) 

81 6-2 


Fig. 2 also shows an excess of carbon dioxide even during the day. Vaas (1947) 
examined a number of ponds in the morning in bright sunshine and found an excess 
of CO 2 in all cases but two, one being a sewage pond in Djogjakarta {vide 
p. 10) the other an eutrophic pond at Tjipanas, where Osteochihts hasselti was 
cultivated. 

This pond was fed with warm spring water from young vulcanic soils and 
supported a dense, submerged growth of Hydrilla verticellata. The w'ater was very 
clear, and photosynthesis was very active. 

Only in those oases where the water is extremely rich in calcium and other 
minerals can COg be a minimum factor in Indonesian ponds, and mobilization of the 
carbon dioxide supply, tied up in carbonates and bicarbonates, might be considered 
according to the principles laid down by Swingle {l.c.) 

For such cases Swingle advocates the use of acid fertilizers or tlie addition of 
organic manures which yield acids on decomposition. 

Phosphorus. 

In contrast to N and COg, phosphorus cannot be supplied from the air, therefore 
conditions must be totally different in the case of this element. 

The classical experiments in the German experimental ponds at Wielenbach and 
^chsenhausen — valuable sources of information for every investigator in the field 
in question and comprehensively summarized by Keess (1946) for the benefit of 
modern American workers — ^proved that fish crops could be increased at the rate of 
an additional 2 kg. for every kg. of phosphorus added. According to the German 
workers we are concerned with the following food-chain. Phosphate -► Nitrogen- 
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fixing l^oteria->N and P released from dead bacteria Bine-green ^i gfie 
later on ^pAanizomenoM) Chironomide^ and T^ificidae on the bottom, 
burrowing in the soil, Copepoda in the water, subsisting on the living and dead bluj^ 
greens -»• Carp. • ’ . * 

Following the above principles in recent experiments in America, Swingle {l.c.) 
found a close correlation between the amount of plankton in the water and the crop 
of Ijeptomia macrochir Raf. Plankton was markedly stimulated by the addition of 
fertilizers in which the ratios are N : P : K = 4 ; 1 : 1. However, since colloidal 
clay and iron solutions are apt to withdraw a certain amount of phosphorus, a composi- 
tion of 4 ; 2 : 1 gave better results, increasing the production of fish by 200-300 
per cent. 

The plankton thus stimulated consisted mainly of Scened-eAvnis, Ankistrodesmua, 
Pandorina and other Cklorophyceae and, to a lesser extent, of Mycrocyatia as a repre- 
sentative of blue-green algae. 

Exactly the same species can be expected under similar circumstances in our 
ponds. However, it was clearly felt during the course of the above experiments 
that present knowledge on the physiology and ecology of algae is insufficient, as it 
is not yet possible to promote or suppress certain groups of algae at will. As 
Pringsheim (1950) pointed out in a recent article, the methods of pure culture 
developed by him may prove to be the ultimate solution to these and similar problems. 


LroHT. 

Of primary importance for cultivation in Indonesia is the antagonism elucidated 
by Swingle between the plankton on the one hand and the bottom vegetation — 
higher plants as well as algae — on the other hand. Although many submerged 
plants as well as certain algae are able to subsist floating in the water, they begin 
their life rooted in the soil, bo it with the aid of true roots or with rhizoides. For 
this reason they must take their mineral food mainly from the soil, contrary to the 
plankton organisms, developing, living and feeding throughout the whole body of 
the water. The minerals necessary for growth are the same for both groups, in 
other words if one group manages to get a start, the other will soon be ousted. 
A dense growth of plankton can decrease the transmission of light to such an extent 
that the bottom does not receive sufficient light for the plants. For this reason 
easily soluble fertilizers will stimulate the plankton and damage the bottom 
vegetation. When the latter vegetation is undesirable, as is the case in various 
American ponds, fertilizers can be used even for its eradication. In Indonesian 
carp ponds (Cyprinus carpio) a well-developed bottom fauna, which does not depend 
directly on sunlight, is of much more importance than a bottom flora, and the 
Cruataceaa living in the water are an important food for the common cai^. It is, 
therefore, considered highly probable that the use of inorganic fertilizers will increase 
the yield of ponds where Cyprinua carpio or Helostorna temmincki, a typical plankton 
feeder, are the principal species cultivated. The common carp itself brings about 
a oert%ln turbulence in the water owing to its habit of burrowing and digging in the 
soil . Thus the bottom vegetation i s constantly damaged both directly and indirectly 
because sunlight is intercepted. 

Buschkiel {l.c.) divided a glass tank into two equal sections by means of a glass 
plate. However, the two compartments were not quite watertight. When small 
carps were allowed to swim in one of the two sections, the water gradually became 
cloudy as the result of a dense growth of phytoplankton {Seenedeamua mainly), the 
other compartment remaining perfectly clear. 

In ponds which must rely on their bottom vegetation for the production of food, 
30 nditions are quite different. OateochUua haaaelti is cultivated in clear water support- 
ing •a dense growth of HydriUa verticeUata, because the young leaves and notably 
their periphyton, are the principal food for that fish. 
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For VhanM the algal vegetation on the mud, composed of blue-greens and 
diatoms, is the most soitable food, while thread aiga« originating from the bottom 
form A danger when they iloat on the surface, as the malaria-mosquito lays its' eggs 
(Btoong the floating masses {vide Schuster, l,c.). In both cases it is the soU that is 
to be fertilized and not the water. Swingle found that the bottom vegetatiod 
increased enormously when inorganic fertilizer was applied to ponds where the 
lower water layers were very cold and consequently hardly any mixing ■with top 
layers occurred. The same effect was found in the case of organic manures, such as 
cottonseed meal and ground flour, both heavy, insoluble substances, decaying slowly 
on the bottom of the pond and thus in the first place providing food for the bottom 
vegetation. In Indonesian ponds decomposition will be niuch more rapid and the 
frequent mixing of the water is also apt to counteract exclusive fertilization of the 
bottom. 

A great rlisadvantage in the use of fertilizers in Indonesian ponds — even 
assuming that the owners hafl been able to find the necessary money — will certainly 
bo the frequent changing of the water inherent to Indonesian practice. In many 
fresh-water ponds fry is reared up to the lingerling stage only, and iingerlings form 
the ultimate product sold for the purpose of rearing consumption fish. The gro'wth 
periods in these ponds may be very brief. When water and soil are Very fertile, 
they may be as short as one month. 

Even when the periods are much longer than those just mentioned, water is 
constantly chained for various piu-poses, such as counting, landing, eradication of 
predators and, in the case of the brack ish-water ponds, for the capture of pra\vn8. 
This pr^tico aiided to the inevitable leaching of the dykes, creates conditions differ- 
ing entirely from those encountered in temperate climates. 

In many Indonesian fresh-water ponds a steady flow of water is maintained, 
obviously much more than is absolutely necessary to compensate the combined losses 
of evaporation and leakage. Amounts of 5-10 litres/second/hectare are used. As 
the inlet and outlet of the pond are both situated in the top layers of the water, it is 
possible that the whole body of the water is not completely stirred, but what actually 
happens is that an upper layer of water straight from the inlet moves on towards 
the outlet without much mixing with the other water layers. On the other hand, 
we have seen that the fluctuations in daily temperature between the surface and the 
bottom indicate a high rate of mixing. 

In Central Europe the water in carp ponds is not allowed to flow at all, only 
losses are compensated. 

The author is not aware of any experiments carried out in Indonesia designed 
to compare a minimum water supply with the usual supply. It is understood that a 
rapid movement of the water is most unfavourable for the development of plankton, 
the scanty plankton of rivers as compared with lakes being a well-known illustration 
of this statement, kno^vn in limnology as ‘ Kofoids Law’. Whether a rapid flow 
through the pond will be a disadvantage from the point o^ view of the supply of 
minerals, depends on the relation between the respective mineral cbntent of the 
■water and the soil and on their powers to absorb minerals, or to liberate these 
substances. In many places in Indonesia the water admitted to the ponds contains 
much fertile silt. 

As the a^ve relations provide, so to speak, the material the fertilizer must use 
to build up its action, we should do well to defer our judgement until the results 
of numerous experiments and analyses are available. 

The practical side of pond fertilization in Indonesia. 

{!) Tambaks 

oondurt^^*^ ^sed in our tambaks; experiments on their use have not ifoen 
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Stftl^le manure is not used either, as hardly any oattle is raised in the tambak- 
area. As will be evident from a perusal of the aerial phonographs in Schuster's 
tambak monograph, the tambak area in Java consists of closely serrated groups of 
jonds, with only a few dykes, canals and huts in between. There it hardly an^ 
space left for activities other than fish cultivation. In the case of fresh- water ponds 
conditions are quite di£ferent as these ponds usually lie moire scattered between the 
Houses and home gardens. 

In brackish-water sewage reservoirs such as the ‘ Wester boezem’ near Surabaja 
(vide V'aas, 1948), a great display of zooplankton in the water waws observed. Qreen 
manuring of tambaks is a common practice in Indonesia, and experience has taught 
us that % adding about 2,000 kg. of grass or mangrove-leaves per hectare — spiled 
up in the form of small heaps covered with earth — the formation of blue-green algae 
on the bottom is stimulated (Schuster, l.c.). These findings again are in accordance 
with Swingle’s work. Along the coast vegetation on the dykes is rather poor owing 
to the salt content of the soil. However, in tambaks situated further inland, where 
less salt is found in the soil, a dense vegetation of grasses and Cyperacme. does occur. 
These plants may be used to great advantage as green manure, the usual practice 
again being to pile them up in small heaps showing above the water. 

Shortly before the war experiments were started with fertilizers such as copra- . 
slime. 

Signiboant increases in the growth of the fish were noted when applications 
of 760-1,000 kg./ha. were used. 

At the moment similar experiments are being carried out in Macassar, where 
inorganic fertilizers are also tested. Results are not yet available. 

In brackish- water ponds in Formosa, Japanese culturists gained much experience 
in the application of various kinds of organic manures, such as waste products of 
fisheries, human faeces, rice polishings, press-residue of cocoanuts and groundnuts. 

With applications of about 100 grams/m.*, they were able to produce considerable 
masses of Lynghia on the bottom of their ponds, on which alga good crops of bandeng 
subsisted. 

The geographic and economic structure of the tambak industry in Java does not 
permit the use of such methods at the present time. 

(2) Freah-imter ponds 

In Indonesia the owner of practically every pond has built his ‘ convenience’ 
above it, and a regular but small supply of human faeces is a common feature. For 
various fish and notably for the common carp, human faeces should not be regarded 
as a manure only, since it represents a direct food as well. The same applies for 
all sorts of household and kitchen waste, together with the waste products of home 
rice polishing thrown into the pond — a common household practice. 

Stable and green pianure, such as leaves, should be regarded as a fertilizer only. 
This form of manuring is often used for the very young fry of various species and 
also for the rearing of Hehstoma temminckii, as already stated, a typical plankton 
feedei? A good example is furnished by a Helotoma pond near Tasikmalaja studied 
by the author. 

t’ive days after a successful spawning 376 kg. leaves, mixed with stable manure 
were applied to a pond having a surface of 66 m*. After ten days a further 160 kg. 
of the same mixture was given and after 16 days another 76 kg. From the tenth 
day on, the mud on the bottom of the pond was churned up at frequent intervals by 
the fishermen with a hoe. The same operation has been carried out by Chinese 
fish-growers from time immemorial. The result of the fertilization is judged by the 
fish-grower himself according to the colour of the water. When the water is distinctly 
greipn the desired result has been attained and no more manure is added. The author 
noticed a well-developed plankton consisting of OscUlatoria, Melosira, Duxtoma, 
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Navicnla, PediaMrum, Oedogoniunt^ Difflngia, Crusiaceae and Roiijera, Peiriphyton, 
too, showed fair development. This pond furnishes a good example of an uninten- 
tional application of Swingle’s principles. If it is desired to stimulate the develop- 
ment of the plankton by means of additions of organic manure, frequent stirring of the 
bottom layers of the water and the mud provides a suitable means to ensure fertiliza- 
tion of the water. Although no experiments have been carried out in Indonesia, it 
is likely that in ponds deficient in lime, green manure mixed with lime will give much 
better results, as was frequently proved in other countries. 

• An example of the use of stable manure on a big scale is furnished by Lake 
Tjiburuj. Some years before the war this lake was under, the management of the 
energetic owner of a daily farm situated in the vicinity of the lake. With a clear 
insight into the possibilities of fresh -water fish culture this man secured the lease of 
the lake and started manuring it with his own stable manure and with as much as he 
could obtain from other sources. The waste products from some small-scale tapioca 
factories were also thrown into the lake. Fishing was prohibited throughout the 
year and only permitted on special days at fixed prices. Landings of 2,000 kg./ha. 
were attained within 7 months. Apart from a favourable economic situation as 
described above, hydro- biological features of the object in question must also be 
favourable to obtain similar results. Lake Tjiburuj is rich in lime, has a well- 
developed shore line and is favoural>ly situated as regards mixing of the water by 
wind action. For these reasons no fish were ever killed in the course of manuring, 
as a result of anoxia. 

Human faeces in the form of sewage is also used in Indonesia, with the double 
aim of purification of the sewage and fertilization of the pond. These forms of fish 
culture were described by the author elsewhere (^'aa8, 1948). The situation was 
summarized in the following words. 

‘ In Djokjakarta part of the effluent of a large septic tank, where the domestic 
sewage receives its first treatment, is further purified by technical means, tKie rest 
mixed with river-water at the rate of 1 :3 fills a shallow^ pond of 840 m.3 
According to investigations by Schaeffer, the water discharged has lost all typhoid 
bacilli, the coli-titer is reduced to l/lOOth of its original value, and the amount of 
organic matter and NH4 is so much low^er as to render the water quite safe to dis- 
charge. A mixed crop of fish is raised {Cyprinns catpio^ Puntivs javamms, Tricho- 
(faster peciorahs and Helosfonia iemminckn), giving a yield of 600 kg. a year (about 
4,(K)0kg./ha./year).’ 

‘The raicToflora was found to consist of Diatoms near the inlet and Diatoms, 
Protococcales and Zooplankton near the outlet.’ 

In many places the domestic sew’^age of hospitals and similar large institutions 
is used to great advantage to fertilize fish-ponds. 

In such institutions labour is cheap, sufficient space to dig ponds is usually 
available, w'aste products of human society are plentiful, there is much need of a 
cheap protein food, and the necessary capital is easily furnished bj^ t^p institution, 
Reyntjes (1936) described the ponds near the lunatic asylum ‘ Sumberporrong ’ 
at Lawang, where the Fishery Officer J. Hofstee succeeded in raising a mixed prop of 
common carp and Pnniivs jarnnievs which yielded 3,000 kg./ha./year and more. 

A small amount of disinfectants (creoline) in the sew age did not interfere with 
fish culture ; this is decomposed in the open drains between the asylum and the 
ponds. Spawning, hownver, proved to be unsuccessful. 

Fertilization of inland wnters, such as lakes and large reservoirs, is regarded as 
a very difficult problem even in America and Europe. In a recent article Hasler and 
Einsele (1948) emphasized this point. They indicated the high costs, the danger 
of the occurrence of nuisance blooms of algae on the surface, the shortening of the 


1 This statement refers to the pre-war situation. At the moment the fish-pond is not 
used. 
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life-spans of the water and the considerable gaps in our theoretical knowledge of the 
physiology of algae in their natural environment. In the anbove-mentioned article 
experiments and investigations are suggested to elucidate this difficult problem. Tlje 
^bove-mentioned example of Lake Tjiburuj indicates that, under favourable cohdi- 
tions, good results can be attained in Indonesia. 

, Huntsman (1948) described a large-scale experiment in fertilization of a river 
with inorganic fertilizers. Results were not promising because the bottom absorbed 
too much and, moreover, the stretch affected was rather short.. Nevertheless an 
increased production of algae and fish w as observed. 

Hitherto river fisheoes in Indonesia received hardly any attention at all. 

The author is well aware that in the foregoing more questions are put than 
answers giv’^en, more desiderata than data, yet he cherishes the hope that these notes 
on fertilization may be useful for those who are going to explore this interesting 
field. 
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STABILITY OF STARS UNDER VARIABLE F. 


. By R. S. Kushwaha, Allahabad University, Allahabad and P. L. Bhatnaoar, 

St. Stephen’s Collie, Delhi. 

{Received April 13; read Angnst 3, 1951) 

1. It is a well-known fact that if JT, the effective ratio of specific heats of 
stellar material, is constant throughout the interior of the star, it becomes dyna- 
mically unstable for values of r < f-, being in neutral equilibrium for F -- f . 
Ledoux- (1946) studied the effect of the variable F on the dynamical stability of 
homogeneous and standard models by taking a centred core with F-- i and an 
envelope with J* — 1 . He found that for dynamical instability to set in the 
envelope should extend inside the star to the depth at which the temperature is of 
the order of half the central temperature, that is the ratio of the radius of the core 
to the radius of the star is approximately 0-727 for the homogeneous model and 
0-36 for the standard model. I^doux has pointed out that peculiar forms of I’(ro) 
could increase the instability considerably. In the present note we have studied 
the stability of the fundamental mode of oscillation of the following two models 
taking as a function of r^ giving a continuous decrease in F from the centre to 
the surface of the star. 

(i) Homogeneous model. 

(ii) The model for which the density varies inversely as the square of the 

distance from the centre, 

withr=ro(i -A 

where r0 stands for the distance of the point &om the centre, Fq for its value at 
the centre, and R for the radius of the star. A is dimensionless constant. The choice 
of law is made in such a manner that each model becomes amiable to mathematical 
analysis without resorting to numerical integration. 

In other papers one of the authors (Kushwaha, 1961) has studied the stability 
of higher modes of oscillation of these two models and the stability of fundamental 
and higher modes of oscillation of the Roche-model and a model with a central 
point-mass equal to one-third of the total mass of the star with homogeneous 
density distribution throughout the star with the other suitable law for the variation 
ofr. 

2. We diave taken continuous variation of F to see how the stability of a 
particular model is affected when in the outer part of the star F falls below and 
to kn<fw how the displacement function and the period of pulsation of the star 
vary with the mean value of F for the whole star. Besides, as is evident from the 
calcinations of Fowler and Guggenheim (1926) for giant stars composed of mainly 
Fel*^ F decreases from 1-68 at the centre 2 = 0 to 1-295 at z = 4 on the scale 
when 2 = 6-9011 is the radius of the star, meaning thereby that F varies more or 
less continuously. 

^ being proportional to A for a given value of rg the variation of F with 
r^jcan be arbitrarily chosen. For a small radial adiabatic deformation such that 

^*f(ro)e*"‘ (1) 
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o* is given by 




J 


where the suflSx zero refers to equilibrium values. Further more 



(2) 


(3) 


represents the moment of inertia with respect to the origin and f the solution of the 
flifferontial equation 


drfl ro "rdroJrfro'^L^n V ’ '• 

with the boundary conditions 

f • rp s= 0 at To =s 0, 

and 8P = -rPo[3^+>o = 0 at ro = i?, . , 

where n — 0 — , 

ro/ 0 

and r is the general adiabatic exponent defined by 


(4) 

(5) 

( 6 ) 
(7) 


dQ = dU-P%==0, .. .. .. .. ( 8 ) 

the variation of the internal energy dU being expressed in terms of P and p. In a 
star r is, in general, a function of the ratio of the pressure of radiation to the total 
pressure, (1 — ^), of the degree of ionisation and of the number of degrees of freedom 
of the particles. 


3. Homogeneous Model 

From (2) we shall have definitely a positive value of a* for the fundamental 
mode (f>0 throughout the whole star) if 

^((3r-4)Po1<0 (9) 

For this inequality to be true we must have 

0<^<i ‘ (10) 

Hence, we can safely predict that at least for values of .,4 given by (10) the star will 
be stable. We shall consider here the higher values of A and see for what value of 
A the instability will set in by actually solving the pulsation equation (4). 

Writing e» ^ , we have for this model 

g0m>4nOpRx, .. .. .. .. (11) 

Po as» 2irG'p*i?*(l— a:*), .. .. .. .. (>2) 

r»ro(l-.4«*). (13) 
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Substituting values for g^, P* and P from (11), (12) and (13) |n (4) we get 

(!-**)(! “vla:^)r+[4~6(^ +I)ar«+8y4a:4] t+[P+12^a:*]f - 0, . . (14) 

• ^ 

3o^ 4 

^here p « _^_2oto-6^, «o»3-jr, •• (IS) 

dadxes denoting differentiation with respect to x. 

Equation (14) has ic^gular singularities at x = 1 and at x m — ^ . We have 

y/A 

to find out regular integrals which are finite in the range 0 < x < I in order that 
boimdary conditions may be satisfied. 

The roots of the in^cial equation are 0 and —3. To avoid singularity at the 
centre, we take the first root, and put 


00 

^ = 2«S!*X**. 


(16) 


Substituting it in (14) and equating the coefficients of various powers of x to zero 
we have 


lOog+Poo = 0 (17) 


(2i:4‘2)(21:+S)fl!2*+2*K-^ — (-^f + l)21’(21‘+/)))ffl2*+|(21:— 2)(21‘+S)+ 12|/lfl2*-2®= 

.. (18) 

where h-- 1 , 2, 3, .... 

Writing 

02*+2 V 
— — = *+i 

<Hk 

(18) can be put in the form 


2k{2k-\-^'>)(A + \)-F .•(((2Jk-2)(2ifc+.'5)+l2} 1 

(2i;+2)(2)fc+S) (2ik+2)(21:+,5) ' Nk' 


.. (19) 


4^+lO+P j {Sk+8)A jl 
' ^ ^ (21:+2)(21r+f'>) ( (21r+2)(2it+.'>)bV* 


.. (19') 


Suppose Nk tends to a limit A when k-*-oo. Consequently Nk+i, iV*+ 2 , • • • "'ill 
all tend to A. Hence, from (19') we get in the limit 




.. ( 20 ) 


The lyiots of this equation are A and 1 . 

In case when iV^*->l the series for f diverges for x = 1. According to our 
physical conditions, we must choose the solution for which Nk-*-A, where A< 1. 
This restricts us to a determinate set of values of F. 

(19) can also be written as 


(2k-2)(2k+l>)+l2 
^ (2i+2)(2fc+5) 

“■2jfc(2i+6)(A+I)-P „ 
{2k+2){2k+5) 
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and by successive application of (21) we can express N), in the form of a convergent 
continued fraction, 


(2i!:-2)(2Jfc+5)+12 2Jfe{2ifc+7)+12 

y _ ^ (2Jfc+2)(2ifc+5) ^ {2k+i)(2k+l) 

* “ 2k{2k+5){A+l)-F {^2k^\^2){2k+^)(A■\■l)-F 

(2i+2)(2ifc+6) (2Jfc+4)(2jfc+7) 

(2Jfc+2)(2it+9)+12 
^ {21:+6K21:+9) 

(2ifc+4)(2ifc+9)(4+l)--P ' ■■ 

(2A:+6)(21:+9) 

In particular it will give iVj. Also from (17) wo get 


^ “ 10 • 

Hence, eciuating the two values of Ni we have 


1? 

28' 


30 

54 


88 ■ 




I0^14(/l + I)-^’ 3«(/l+l)-i?’ 66(^1 + 1)-F 

28 “'64 88 ' 


(23) 


= 0 . 


(24) 


This equation determines the values of F, which ultimately gives the value 
of a, the fre<juen<‘y of oscillations. The coellicicnts a^, 04, a#, ... in (16) are 
given by 

ft2f = Q(A^)ao (2.5) 

1 

Here it is to be noticed that the successive constant coefficients for the series 
for f are not (obtained from the relation (18) as this would require us to start with 
oxa<'tly the right value of F and to observe absolute accuracy in the subsequent 
stages of the work, otherwise calculation will lead to the values of Nj, which 
approximate to the limit unity (Lamb, 1916). 

The approximate solution of (24) was carried out as follows. Choosing different 
values of F we drew a graph for the relation (23). Also for different values of F 
wo caU-ulatcd A’5 from (22) by successive convergents approximately, and thereby 
obtained iVj from (21). Again w'e drew an other graph for these values of and 
F. The point of intersection of these two graphs gives the approximate solutions 
of (24). 

We have considercid the variation of /'given by .4 = 01, 0-2, 0-3, 0-4 and 0-6. 
The results are collected in Table I in wduch denotes the value of x such that 
r<.^ for a:«<;r<l, and the displacement functions for these different values of 
A are given below. 

A -tO I,^ = no{l+0 08626.r2+0-00721.5.r*+0-0006137a;«+0*0000632a;«+. . 

A = 0-2, 1 = ool l+<> ‘73r>j;*+0-029I6.r*+0-00497a:«+0 000866a^+. . 

A « 0-3, i = (/o{ l+0-262;c*+0-0673a:4+0-01706a:«+0-004469a:8+. . .}. 

4 = 0 4, $ = c/t,{l+0-3.525x8+0-1197a4+0063197a:«+0 01866a^+. . .). 

4 » 0-5, i * ffo{l+0-4468a:«+0-19092jeH*0*08283««+0 03662*8+. . 
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Tabu X. 


• A 

• 

1 

1 

F 

HHH 


] 

iWlace 



0-1 

-- 0-8626 

0*9374 

1*61 

1*5 


0-2 

- 1-736 

0-665 

1*666 

1*333 

1 

0-3 

- 2-62 

0-38 

1*6 

1*166 

1 0*817 

0‘4 

- 3-626 

0*075 

1*444 

1*00 

0*707 

0-5 . 

- 4-468 

[ 

- 0*268 

1*3880 

1 

0*8333 

0*634 


The instability sets in when .r^wO -684 and 1 -48. Whereas the instability 
in the homogeneous two-phase model studied by Ledoux and described in §1 sets 
in w'hen P 1 -485. It appears that by taking the continuous variation in F the 
stability is increased in the sense that the model remains vibrationaily stable for 
much lower value of average F. In fact for constant F throughout the model it 
is vibrationaily stable as long as P>|^ but even if we take a small continuous 
variation in F as in the present case, the model becomes vibrationaily unstable 
for much higher value of average F, namely P - - 1 •43 and instability is further 
increased if the variation in P is discontinuous as in the case of Ijedoux’s treatment. 


4. 


Inverse, square model. 


In this case also we sec from (2) that for fundamental mode a* will be deiinitely 
positive for values of A in the range 0 < ^1 < ^ . We consider the effect of higher 
values of A on the dynamical stability. 

For this case 


P=Po(1-At2) 

^0 = — o :3” 


.. (26) 


9o 


4irOpR 1 
3 '5 


/ 


Substituting values of g^, pg, Pg and P from (26) in (4) we get with the previous 
notatioifk 

fl -a:«)(l-^a:2)f'-f [2-4(^ + l)a;*-f 64a;41 ^+[P3;2_2fleg+6.4a;*] ^ - 0, (27) 


where 


2irOpPg ■ 


(28) 


We shall again restrict ourselves to the solutions which are regular and finite 
in the region 0 < x < 1. 

*The roots of the indicial equation are 


m ' Jf— liVT+Sfltg]. .. 


.. (29) 
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Consistent with ojur physical conditions we choose positive sign before the radical 
and substitute 


€ 


hZ*0 


. . (30) 


in (27) and as before we get the relations for different constant coefficients as 

{(w+2)(m+3)-2ao}62-{(^+lM»»+3)-^}6o = 0. •• (31) 

{(m+ 2 it-f- 2 )(w+ 2 Jt+ 3 )- 2 oeo}%+ 2 -{(^-l 4 -l)(r«+ 2 *)(m+ 21 ;+ 3 )-i’} 62 * 

+ ( (w+21:-2)(ni+21:+3)+6} J bik-2 =» 0, (32) 

where k - 1 , 2, 3, .... 


Putting ss A’*+i we get 
f>2* 

(.‘1 1 )(tw*l“2l;)(/w •(•2lr -1*3) — J’' .1 {(wt'4"2l!— 2)(wj-i-2l!-|-3)*t’6} 1 

“ (/«+21-+2)(m+21-+3)-2ao ~ (/ft+21'+2)(»t+2«:+3)-2ao ’ ^a' 


Again we see here that A'» tends to either A or unity as k tends to infinity, 
We have to consider the solutions for whiolii^V*-> J(<1) only. 

Rewriting (33) as 


(ffl4-2)fc-2)(w+21;+3)+6 
‘ (m+21'+2)(m+2l:+3)— 2ao 
' * “ (/l+l)(w(+2jt)(>/i4-21:+3)-if’ 
(w+21:+2)(w+21:+3)-2oeo 


we express .V* in th<j form of a continued fra< tion. 

(w+21;-2)(w+21;+3)+0 (/w+2fe)(w+2ifc+5)+6 

* (m4-21;+2)(m+2A’+3)— 2fleo “ (7ft+21:4-4)(w+2*+6)— 2ao 

“ (.1 + l)(m+2A-)(w/ + 2ifc+3)-P (.4 + i){w+2A;+2)(w+21:+5)-i’ 

(wt+2A+2)(//i+2A-+3)-2ao (w+2ifc+4)(m+2A:+6)-2ao 

I (^^*+21?+2)(m+2fc+7)+6 

^ (w4-2A;+H)(w+2fc+7)— 2oco , 

(.4 -pi )(w-l"2l!‘4-4)(wi'4‘2A!*4-7 )— jP 
{ wt-p 21r 4-6 )(w + 2A;+ 7) — 2flCo 

In particular «)btaining A'j from this and e(|uating to its value from (31) we get 


. wi(m-p5)-P6 (m-H2)(OT+7)-p6 *■ 

^ — (A •pl)w(w-P3) (OT-p4)(m+5) — 2ocfl («j-p6)(m+7) — 2ao 

(w-p2)(m+3)-2ao'^ (.4 + l)(w+2)(m-P5)-i’ {A + l){m-^4k)(m+l)-F ' • • “ 

(m+4)(»t-P6)— 2(Xo (»«+6)(m+7)— 2ao 

. . (36) 

We solved this equation approximately as before and coefficients are obtained 
by the relation (26). 

Here we considered the variation of JT for A =--0-l, 0'3, 0*6 and 0-6. .The 
results are given in Table II. The displacement functions for these values of A are 
given below. 

3B 
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A *» 0*ir5 =* <h^{ 1 +0 07869se»+0 006336«*+0-0006263*« ' 

* ' +0-0000448*»+, . 

jl « 0-3, t = ao*"{ l+0-2409a!«+0 06932j^+0 01488a:«+0-00386a:«+. . . }. 
A « 0-5, f = ao3--{l+0-4I63*»+01764.r4+0 07474.r«+0 0328a;8+. • 

A 0-6, f = Ooar-{ 1 4'0-5079**+0-2606a:*+0*1336j:«+0-0706a:8+. . . } . > 


(37)* 


Table II. 


A. 


1 

Psurface 


~ iitOpFo 

0-1 

\ 

2-175 

1-61 

1-5 

— 

0*3 

1-2665 

1-6 

1-166 

0-8 

0-5 

0-2608 

1-3889 

0-8333 

0*63 

0-6 

-0*303 

1-333 

0*6667 

0-577 


The instability sets in when 0*606 and 1 *364. 

A comparison of these values of and JT with those for the homogeneous 
model will show that for the same law of variation of JT, this model is more stable 
than the homogeneous model. 

Our best thanks are due to Prof. A. C. Banerji for his keen interest in the 
preparation of this paper. 

References. 

Fowler, R. H. and Guggenheim, E. A. (1925). Properties of matter in stellar interior. Monthly 
Notices f 85, 961. 

Kushwaha, A. 8. (1951). (a) Stability of two stellar models with variable jT. Proc, Nat, Inst, 

Sci, India, 17, 323. 

(5) Stability of higher modes of stellar models under variable P, Proc, Nat, Acad, Sci, 

India, (In Press.) 

Lamb, H. (1916). Hydrodynamics, 325. 

Ledoux, P, (1946). On the dynamical stability of stars. Aotrophy, Jour,, 104, 333. 


* Note : — In the sinular equations of the other paper by the author quoted in the 

reference (a) tHb series within the brackets must be multiplied by xa. 










NATIONAL INSTITUTE OF SCIENCES OF INDIA 

Seventeenth Annual General Meeting 


The Seventeenth Annual General Mectiug of the Institute was held at 2-30 p.m, 
on Friday, 6th October, ,1961, in the hall of the institute, Mathura Homi, Now Delhi, 


Present: Dr. S. L. Hora, President {in the Chair). 
Dr, H. S. Pruthi, Secretary. 


Prof. S. P. Agharkar. 
Prof. S. L. Ajrokar. 
Prof. S. K. Bnnerji. 

Dr. J. L. Uhaduri. 

Dr. P, N. Bhoduri. 
Prof. S, Bhagavantam. 
Prof. Y. Bharadwaja. 
Prof. S. R. Boso. 

Dr. K. A. Cliowdhury. 
Prof. B. B. Doy. 

Dr. H. Gupta. 

Mr. S. Gupta. 


Dr. Robert Heilig. 

Dr. P. V. Krishna Iyer. 
Prof. R. C. Majumdar. 
Dr. K. Mitra. 

Dr. B. Mukorji. 

Dr. B. B. Mundkur. 

Dr. L. A. Ramdas. 

Dr. .1. C. Ray. 

Prof. J. M. Sen. 

Prof. T. R. Soshadri. 
Dr. M. B. Soparkar. 

Dr. P. L. Srivaetava. 
Dr. A. C. Ukil. 


Besides these Fellows of the Institute, there were several visitors present, 

1. The minutes of the Fifty-eighth Ordinary General Meeting, held on the 
3rd and 4th August, 1961, were confirmed. 

2. Dr. P. Krishna Iyer was admitted as an Ordinary Fellow under provisions 
of Rule 13. 

3. The Secretary presented the Report of the Council for the year 1960-61 
(vide page 33). 

The Report Avas accepted. 

4. The President then delivered the Annual Address reviewing the work of 
the Institifte (vide page 27). 

6. The following papers were taken as read as the authors were not present: — 

(1) Studies on Foliar Sdereids in Dicotyledons IV. Structure and Development of Sdereids in the 

leaf of Ternstroemia Japonica." By T. Ananda Rao and communicatod by Prof. P, 
Maho^wari. 

(2) A contribution to the life-histories of Stellaria Media Linn, and Polycarpon LoeUingiae. By 

Niranjon Pal and communicated by Dr, I, Banorji. 

(3) Studies on South Indian Fusaria I. Fusarium vasinfedum Atk. u)ith a note on its varieties 

and forms. By C. V, Subramanian and communioatod by Dr. M. O. P. Iyengar. 

(4) Further ebservations on directional changes in locusts and other short-homed grasshoppers 

{inseeta : Orthoptera : Acrididae) and the importance of the third instar. By M. L. Roonwai. 

(5) Variation and post-embryonic growth in the number of antennal segments in the phadka grass- 

Jiopper (Hlerogljrphus nigroreplotus Bolivar)^ with remarks on the Desert Locust and other 
^Acrididae (Insecta: Orthoptera). By M, L. Roonwai. 

(6) Studies on cy to -chemistry of hormone action Part X. The hormonal modification of alkaline 

phosphatase activity in the testis and in some genital accessories of the guinea-pig. By A. B. 
Kat and Asok Ghosh and communicated by Dr. B, Mukorji . 

(7) On the Minimax Approach to the Problem of Estimation. By D. Dasu and communicated by 

Prof. S, N. Bose. 

(8) An Algal Flora from the Laki (Lower Eocene) Beds of the Nammal Gorge (Punjab SaU Range}^!^ 

Archaediihothamnium. By C. P. Varma and communicated by Dr. S. H. N. Rao. 

(All these papers have been recommended for publication in the Proceedings 
of the Institute.) 
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6. A Sympositiiii on ‘Antibiotics’ organized by Dr. B. Mnkerji Wtis held. 
Several papers were read and discussed. * The Symposium continued also ,on 
Saturday, the^Oth October, from 11 a.m. to 1 p.m. 


In the afternoon of the 6th October, 1961 (at 4-30 p.m.) the Hon’ble Shri Sri 
Prakasa, Minister, Ministry of Natural Resources and ScientifJo Research, formally 
opiened the new building of the National Institute of Sciences of India, the 
foimdation stone of which had been laid by the Hon’ble Pandit Jawaharlal Nehru, 
Prime Minister of India, on the 19th April, 1948, on the land granted by the 
Government of India. 

In inviting the Hon’ble Shri Sri Prakasa to declare the building open, the 
President said : — 

The HoN’BiiB Shri Sri Prakasa, Fellows of the Institute, Ladies and 
' Gentlemen. 

Today we have met to celebrate an important event in the history of the 
National Institute of Sciences of India. The Institute is about to make its formal 
entry into its own new building. On such an occasion one’s mind runs back both 
to the events which led up to the birth of the Institute and to the years that witnessed 
its growth. Hence T feel that it may be of interest to summon up brief memories 
of the past. 

At a meeting of the Indian Science Congress Association held at Bombay in 
1934, it w'as realized that there was a need for the founding of a Scientific body 
of eminent scientists of the country to act as a central and all-India co-ordinating 
body, embracing all scientific research in the country. The Science Congress 
supported the idea and set up an Academy Committee to draw up a plan for the 
founding of such a body. On the recommendations of this Committee, the Institute 
came into being and it was inaugurated at Calcutta on the 7th January, 1936, wdth 
its headquarters in the rooms of the Asiatic Society. Thanks to the efforts of our 
earlier Presidents and successive Councils, the Institute was able to weather many 
storms and the War years saw us firmly established and fairly well off from our own 
resources with only a small grant from Government Funds. However, our efforts 
and earnestness were rewarded when Prof. A. V. Hill, during his visit to India in 
1943-44, advised the Government to recognize the Institute as the premier scientific 
organization in the country and to establish with the Institute liaison similar to that 
which exists betw'een the Royal Society of London and His Majesty’s Government 
in the U.K. Negotiations between the Government and the Institute followed 
and it was not until 1946 that the Institute was accorded by the Government the 
recognition of being the premier scientific firganization in the country. 

Amdng the important terms negotiated with the Government one was that 
Delhi should be the Headquarters of the Institute. The Government wanted the 
name to be changed to ‘Academy of Sciences of India’, but as the majority of the 
Fellows were against this change, the Government did not press for it. 

The year 1945, proved auspicious for the Institute in one other respect also, 
for in that year the Imperial Chemical Industries (India) Limited placed a sum 
of R8.3,36,000 for the establishment of Research Fellowships for Physics, Chemistry 
and Biology according to a scheme covering a period of 7 years. 

The University of Delhi, having agreed to provide the Institute some temporary 
accommodation in its building, the Institute shifted from Calcutta in 1946, but 
retaining the Publication Office there. 'The Government very kindly made a 


I The proceedings of the Symposium will bo publiidied separately in the Bw0e(*n of the 
institute. 
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non-f;pM«tiiig grant of R8.2,20,000 for the buUding of the Institute, but when the 
plwM were prepared according to the requirements of the Institute the cost worked 
•^Vat about 00,000. 0^ intention was to proTide a Lectiue Hall, a Coimil 
Room, a Library Hall and the usual office accommodation. It wos^lso inte^ed 
to have a few rooms set apart as a Faculty-Club where scientists of eminence visiting 
India ^m abroad could stay for a limited period. On the model of the Burlington 
House in London, it was also our intention to provide in our building accommodation 
to other learned Scientific Societies of India. Wo had also a plan to run a Science 
Museum. Owing to financial stringency, the Government asked us to construct 
the whole buUding with^ihe allotted sum of Rs,2,2(),()(X» with the nisult that a part 
of the building, meeting our minimum immediate requirements, is put up and even 
for this construction we have overspent a sura of about Rs.Sfi.CKK) for wliich an 
additional grant had to be sought. 

>— JChe Institute wanted 6 acres of land but only acres were allotted in 1048. 
The foundation stone of the building was laid by our Prime Minister on 1 9th April, 
1948, but the delay in the construction of the building has been due to 
some regrettable circumstances beyond the control of the Institute. We recall 
with grateful thanks the kindness of Mr. S. Khurshid Ahmed Khan, the then 
Chief Commissioner of Delhi, Mr. M. S. Raudhawa, one of our Fellows and the then 
Deputy Commissioner of Delhi and Mr. A. W. H. Dean, the then Chairman of Delhi 
Improvement Trust for being helpful to us in the allotment of this plot. Dr. S. S. 
Bhatnagar, one of our past Presidents, has been helpful to us in so many ways that 
we cannot, of course, forget his services to the I nstitiito. Mr. G. B. Mhatre of Bombay 
was selected the Architect for the building by Prof. H. .1. Bhabha and Major-General 
S. S. Sokhey, and the contract for the building was given to Rardars Partap Singh and 
Ajit Singh, a well-known firm of contractors of Delhi. Our contractors have been 
very accommodating and helpful in spite of many difiiculties and made special 
efforts to have the building ready for occupation in time for holding our Statutory 
Meeting in the first week of October. 

In inviting you. Sir, to declare the new building open, the Institute takes 
special pride, for within a few months of your assuming the office of Minister for the 
new ministry of Natural Resources and Scientific Research you have already shown 
your great sympathies with scientific development in the country. It is our earnest 
hope that under your patronage and wise guidance, scientific research in India will 
progress from day to day and that the Institute will be able to play a leading r61e 
in such development. The Institute is grateful to you for having spared the time 
to attend this function and to consent to our request for opening the building. I 
request you. Sir, to declare the building open. 

In reply the Honble Minister addressed the gathering as given below. 


Spujeoh by the Hon’ble Shbi Sri Pbakasa.* 

• 

Declaring open the building of the National Institute of Sciences of India, New 
Delhi, Bn Saturday, October 6, 1961, the Hon’ble Shri Sri Prakasa, Minister for 
Natural Resources and Scientific Research, said to the assembled gathering, that 
he felt very greatly honoured at having been invited formally to open the new 
building of the National Institute of Sciences of India; and though he could lay no 
claim to any knowledge of science beyond what was possessed by any schoolboy, 
he had been, curiously enough, called upon by the Prime Minister, to be in charge 
of the Ministry that deals with the higher branches of scientific knowledge: and is 
thus brought in daily contact with learned scientists and experts in varied branches 


* • The speech of the Hon’ble Mixtister, Shri Sri Praka49a, was deliverod extei^re and 
hac^dkot been taken down by any shorthand reporter at the time it was delivered. Therefore, 
only an abstsaot is givm here. 
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of science. He was grateful for the honour that had been done him by the’SEma^ent 
and Fellows of the National Institute, by inviting him to inaugurate the functi^.^ 

, '■'vRofeiTing to the speech of the President of the Institute, Shri Sri Prakasa c'iSd . 
that he had li^amt with much interest the history of the Institute from the lii)s of 
the learned President, and regretted with him that despite the ambitious plans 
that had been made, the implementation of the same had not been possible owing 
to financial stringency. Ho felt, however, that even if we could not have larger 
and more imposing buildings and busy laboratories, our men of science could help 
in the inculcation of the scientific spirit in the general mass of the people, for it 
w'as essential that men and women should have a scientific outlook. He also hoped 
that when bettor times returned, the authorities of the Institute would be able to 
fulfil their ambitions in the matter of science museum, lecture hall and other 
re(iuirementB. 

Referring to the President’s remarks regarding the attractions of administr»»<'’'"« 
jobs which took away eminent Scientists because of better pay and prospects, Shri 
Sri Prakasa felt sad that that should be so. It was indeed a pity, ho said, that 
in the moflern world, administrators enjoyed a higher position than men of learning 
though that was against the ancient traditions of the land. In the days of long 
ago, he said that the learned man, however poor, was given a place of honour higher 
than that of the ruler, however powerful ; and that compensated the man of learning, 
for he got in honour what he lost in money. It Avas unfortunate that today the 
administrator should enjoy both pelf and position; and so it was natural that the 
scientist should seek to be an administrator though ho knew that this meant a 
great sacrifice on his part, for his real work was thus woefully dislocated and in- 
terfered with. There were exceptions — and he had such exceptions in the eminent 
men in his own Ministry — who could be both good administrators and good scientists ; 
who could keep all their files up-to-date as well as be abreast of advancing knowledge. 

Such persons, however, could bo very few, he added ; and said that if Society 
did not make better arrangements, it would have to suffer from a large number of 
scientists and men of learning losing their individuality and giving up the work 
for which they were eminently fitted, by accepting administrative positions. He 
had however every sympathy Avith what the President hatl said, and hoped that the 
Government and the people alike Avould see to it that every consideration was made 
to the needs and requirements of the scientist so that he could carry on his W'ork 
Avithout any disappointment or dismay. He added that when he Avas saying this, 
he Avas not minimizing the importance of administration which was in itself a great 
thing; but what was needed, was a proper adjustment of values and the proper 
fitting of human beings in places for Avhioh they were most suited. 

According to the traditions of old, Shri Sri Prakasa added, to which he could 
not help paying his allegiance, GoA'ernment was not allowed to interfere or meddle 
Avith the growth of science and knowledge Avhich was left to the men of learning 
and the men of science. In the present day. Government Avas taking on itself 
more and more Avork and was prone to interfere in departments of national activity 
where perhaps the effort of the private individual was more helpful. So far as he 
knew, many of the greatest discoveries and inventions of science which have 
revolutionized the lives of men and of nations, have been made not under the 
patronage of Government or in the laboratories established by them, but in small 
places by small men Ai'orking Avith love and devotion at their tasks. He hoped that 
this great tradition Avill not die in India at least, and the great race of learned 
scientists doing their independent work unaided and undisturbed, Avill continue. 

In the end, Shri Sri Prakasa pleaded Avith the scientists, to hand on their 
knowledge from generation to generation, and not make it some sort of a close 
secret Avith themselves. It was a pity, he said, that in India persons who have 
anything special to contribute, keep their knowledge to themselves, and dc..not 
teach what they know to others, Avith the result that important and essential iternsv 
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of k(iai»iedge die mth them, and the generations that follow, have to discover and 
in\^t the same things over and over again. All progress therefore comes to a stop. 
2^ We, in India, he concluded, must learn from the West this great art of-gene^[^Iy 
rdistributing, so to say, the knowledge that each man possesses forAhe good of all. 
He expressed his great delight that Scientiiio Institutes were doing such good work, 
.and ho offered his very best wishes for the health and happiness of all those who 
were engaged in them. He hoped most sincerely that the general public will realize 
the value of this work; and when Government, because of its manifold diilioulties, 
is unable to offer iinancial assistance to such institutions, persons will be found 
in adequate numbers, svho would place sufficient funds at the disposal of scientists 
and scientific institutions, for the advancement and promotion of scientiiio knowledge, 
which will redound to the glory of those who have helped and, at the same time, 
prove beneficial in the enhancement of the lives and the promotion of the welfare 


.jafjnankind. 
The Hoi 


The Hon’ble Minister then declared the building open. 

The President thanked the Hon’ble Minister for opening the building, and the 


Fellows and guests for their presence on the occasion. 

The Hon’ble Minister then walked to the entrance door of the building and out 


the tape that stretched across it. 

On entering the building the Hon’ble Minister signed the Visitors’ Book and 
went round the building with Follows and guests. 

All guests and Fellows were then entertained to light refreshments. 







ANNUAL PRESIDENTIAL ADDRESS. 


• At the Annual General Meeting of the National Institute of Soiences of India, 
th^ President is expected to make remarks reviewing the work of tho Iratitute during 
the year and not to deliver an address on a theme bearing upon his own sole^oe. 
My task has been made easier this afternoon, Hrstly because the Report of the 
Council has already givhn you a summary of the working of the Institute during the 
year and secondly because three major events of a very pleasant nature happened 
during the year which are like milestones in the progress of Science in India and which 
affect the Institute very intimately. Before I deal with these events, it is my first 
lilTi mast pleasant duty to thank tho Fellows of the Institute for tho great honour 
they did me in electing me as their President for 1951. 

In inaugurating the Institute on the 7th January, 1935, His Excellency Sir John 
Anderson, the then Governor of Bengal, referred to the sequence of events which 
brought into being the National Institute. The first organised stop for correcting 
tradition by observation of nature may bo said to date in India from tho foundation 
of the Asiatic Society in 1784. Tho second stop dates from 1857 when the Calcutta 
University, followed at short intervals by a number of other Universities, was 
founded. The second step also comprised the establishment of a series of great 
scientific surveys. The third step was tho meeting of tlio Indian Science Congress 
for the first time in 1914. The fourth step was the inauguration of the National 
Institute of Sciences of India in 1936 as a central and all-India co-ordinating body, 
embracing all scientific research in this great country of ours. The establishment 
of a number of National Laboratories for fundamental researches in various branches 
of science show'ed that accelerated evolution in the progress of science was being 
maintained. The fifth step has now been taken in 1961 in the establishment of a 
separate Ministry in tho Union Government for Natural Resources and Scientific 
Research, with one of our past Presidents, Dr. Shanti Swarup Bhatnagar, as its 
first Secretary. This is an event of great im^rtan <!0 to Indian scientists in general, 
and to the Institute in particular. As President of the Institute, I have already 
conveyed to tho Union Government the deep sense of gratitude of the Indian scientists 
at this mo'bt auspicious event in the history of science in India, and have congratulated 
Dr. Bhatnagar for his wonderful achievements in developing science in India and on 
the distinction of his being the first Secretary of the now Ministry. In passing, it 
may be mentioned that the Election Manifesto of tho Indian National Congress 
contains an assurance that adequate measures will be taken to continue unchecked 
the progress made in scientific researches and in the application of science to 
industry. The present Congress Government in the centre is rightly proud of the 
efforts it has made in'according a high place to scientific research and development 
in the country. We are all greatly indebted to our Prime Minister, who is also a 
Fellow of the National Institute of Sciences of India, for his kind thought and care 
of science in India. 

•We are fortunate in having an erudite scholar and a person with broad 
sympathies as our first Minister for the Ministry of Natural Resources and Scientific 
Research. Under the patronage of the Hon’ble Shri Sri Prakasa, scientific know- 
ledge and learning are bound to flourish. Through his wise guidance, we hope India 
will 'promote and maintain a liaison between Science and Letters ’, one of the objects 
of founding the National Institute of Sciences of India. On behalf of the Institute 
and myself, I have afre^y extended to him our fullest co-operation in developing 
sdence in the country. j t. # 

f PVom the timA intervals between the various events in the onward march of 
lence, 1784, 1867, 1914, 1936 and 1961, it will be seen that the progress of science 
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in our country has been gradual in the past but now its pace is accelerated. J^iolo- 
gically 8]>eaking, this evolutionary process signifies that the progress remained e^ow 
so. long as the environmental conditions were placid but became accelerated wi^h 
the advent of more turbulent conditions in our national life. If we have to live and 
kcjop jmce with the changes in our environment, the tempo of scientific research and 
development Aust increase many-fold. The rec^ent appointment of a Mimster for 
Planning in the Union Government and of a statutory ftanning C!ommission indicate 
that a scientifi j approach is being m^ide for the solution of the major economic and 
social problems of the country. 

The second great event of the year is the renewal of the grant of Rs. 3,36,000 
by Messrs. Imperial Chemical Industries (India) Limited for the award of Research 
Fellowships in Physics, Chemistry and Biology for the next five years. The Insti- 
tute is happy that the authorities of the Imperial Chemical Industries (In^a) Limited 
approved of the way in which the previous grant of a similar amount given 
was administered by the Institute and were satisfied with the scientific researches that 
have boon carried out under the scheme. We are grateful to Messrs. Imperial 
Chemical Industries (India) Limited, particularly to its Chairman, Lord McGovan, 
for this magnificent gesture of good-will tow^ards India and for the encouragement 
they have thus given to scientific research in the country. Is it too much to hope 
that the industrial magnates of the country will also come forward with similar 
grants and thereby help the Government anci the country in increasing the speed of 
scientifi(^ research so vital for the welfare and prosperity of the masses. 

The third great event of the year i.s our own building in whic^h we are meeting 
today. This Institute was established at Calcutta in 1935, but on its recognition 
as the premier scientific? body in the country, its headquarters were shifted to Delhi 
in order that Government may be able to draw on its advice expeditiously and by 
personal discussions. Though we have not come of age yet, we have established a 
small home for ourselves. We are grateful to the Government of India for the gift 
of the land and for funds for the building. This is only a part of our Building 
Project and wo hope before long to get sufficient funds to complete it. 

Sin<?e the transfer of the Institute to Delhi in 1945, the University ()f Delhi 
very kindly and generously provided us with accommodation at considerable 
inconvenience to themselves. We offer to the authorities of the University our 
grateful thanks for their kindness and courtesy. We hope to maintain a very close 
liaison with Universities in the country, for we can be complimentary to each other 
in the service to the nation. 

Since a Committee of the Indian Science Congress recommended the establish- 
ment of the Institute, it was befitting that the first two meetings held in the Building 
were those of the Finance Committee and the Executive Committee of the Indian 
Science Congress Association. 

With a building of our own, with enough encouragement and financial facilities 
from the Government and with the recognition of our work abroad, ou^ duties and 
responsibilities have also increased, and, I think, it is time for stock-taking so that 
we can be fully prepared to play the role that may be assigned to us in the plpnning 
of future scientific development and research in the country. Having been actively 
associated with the working of the Institute since its inception as Treasurer, Secretary, 
Editor of Publications and now its President, perhaps I am in a somewhat better 
position to undertake such a stock-taking. We have no doubt solid achievements 
to our credit but at the same time there are glaring deficiencies which must be rectified 
before we can be above reproach. We can begin this stock-taking by reviewing our 
achievements in the light of the Aims and Objects for which the Institute was 
founded. 

The Objects of the National Institute of Sciences of India are: — 

(a) The promotion of natural knowledge in India including its practi^l 
application to problems of national welfare. ^ 
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(6) To ^ect co-ordination between scientific academies, societies, institu- 
tions, and Glovemment scientific departments and services. 

(c) To act as a body of scientists of eminence for the pro^tion and 

safeguarding of the interests of scientists in India; and^ represent 
internationally the scientific work of India. 

(d) To act through properly constituted National C!ommi/tees in which 

other learned academies and societies will be BissociatedAas the National 
Research Council of India, for undertaking such soiintifio work of 
national and international importance as the Council may be i^alled 
upon to perform by the public and by Government. 

(e) To publish such proceedings, journals, memoirs and transactions, and 

other publications, as may be found desirable. 

(/) To promote and maintain a liaison between Science and Letters. 

J^g) To secure and manage funds and endowments for the promotion of 
Science. 

{h) To do and perform all other acts, matters, and things that may assist in, 
conduce to, or be necessary for the fulfilment of the above-mentioned 
aims and objects of the Institute. 

Of all these functions, the only one that we have discharged effectively and 
perhaps efficiently, is regarding the publications of the Institute which have appeared 
more or less regularly. We have discharged our duties in this respec^t without favour 
or fear and have weathered many storms. We are specially proud of our Symposia 
which attract great attention abroad and give an up-to-date review of the problem 
discussed. We are going to make a special feature of these symposia by publishing 
them as Bulletins of the Institute. We have also undertaken the publication of the 
Progress of Science in India from 1938 to 1960 and thereafter year after year. We 
have suspended the publication of 'Indian Science Abstracts' as they seemed to 
serve no useful purpose. Our publications and the holding of Symposia have, in my 
judgment, been instrumental in ‘the promotion of natural Imowledge in India includ- 
ing its practical application to problems of national welfare ’. 

A ‘Popularisation of Science Fund’ was started in 1947 with donations amount- 
ing to Bs. 4,402 and a number of Nature Study paintings at a cost of K8.4,000 were 
made for educational purposes but somehow the Institute has not yet been able to 
chalk out a definite programme. Our building is very favourably situated to cater 
for both New Delhi and Delhi and the Institute will give thought to organise public 
lectures, small exhibitions, etc. to popularise science. We hope to get considerable 
assistance in any such projects from the U.N.E.S.C.O. Science Oo-operation Office 
for South Asia at Delhi. 

The main object of founding the National Institute was ‘to effect co-ordination 
between scientific actKlemies, societies, institutions, and Government scientific 
departments and serfices’, but I am afraid our achievements in this direction have 
been limited. The Indian Academy of Sciences at Bangalore has refused for the 
last several years to send their representatives on our CJouncil, though we have shown 
to the Fellows of that Academy all considerations which we give to the Fellows and 
Members of other co-operating academies. Further, we have assisted them in 
getting large grants from the Central Government. Even in the case of other co- 
operating academies, such as the Asiatic Society, the Indian Science Congi^s 
Association and the National Academy of Sciences, we have given them representation 
on our Council but ourselves have no representatives on their Councils or Executive 
Committees. There should be a reciprocity of such representations for ensuring 
co-ordmation. 

• We have received the co-operation of all learned scientific societies. The 
Ii^itute has also been assisting them by awarding grants or recommending them for 
9mvemment grmits in aid of their respective publications. Rules have recmxtly 
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been framed for the affiliation of societies of an all-India nature to the National 
Institute thus ensuring closer co-ordination. As regards scientific institution^, a 
provision is being made by the Union Government in their respective oonstitutmns 
to include representative of the National Institute of Sciences of India on their 
governing bo>!(io8. For example, the Institute is now represented on the Court and 
^imoil of the\lndian Institute of Science, Bangalore, on the Council of the Indian 
Association for/the Cultivation of Science, and on the General Council and Chemical 
Division of thql Indian Standards Institution. 

■ As regards effecting any co-ordination between the Government scientific 
departments and services on the one hand and non-official ‘scientists on the other, 
the stage has not yet reached. There is hardly any co-ordination between Govern- 
ment departments and sorvu es inter se and it will be premature to expect any real 
co-ordination between the official and non-ofticial scientists just yet. Now that 
there is a Ministry for Scientific Reseat**!!, we hope greater co-ordination w^lr o att Hy - 
from its activities among ofiicial scientists working under different ministries. The 
National Institute is, however, providing a forum where all shades of differences 
can be evened out and scientists of different institutions, officials and non-officials, 
work together to attain common objectives. Here I must mention that the Govern- 
ment of India, l)y recognising the Institute as the premier Scientific Organisation of 
the country and by consulting it on all important scientific matters, added to its 
prestige to effeid co-ordination among non-official organisations, and our efforts 
should first f)o directed to effect < o-orduiation among such bodies. 

We have yet to take any adequate steps for the promotion and maintenance of 
a liaison l)«»tween S* ien (!0 and Letters, except that the Asiatic Society is one of our 
co-optirating acatiemies. By holding the Symposium on the ‘ History of Science in 
South Asia’, in coIlaborati*»n with the U.N.E.S.C.O. Science Co-operation Office for 
South Asia at Delhi, we have showi! oiu* de.sire to promote and maintain such 
liaison. 1’his Symposium, held in November last year, was attended by eminent 
historians and scientists and both sides seemed to have gained much by contacts. 
Organisations of similar Symposia will be of special value for broadening the outlook 
of scientists and of men of letters. 

The proposal to recognise the National Institute as the Adhering Body for the 
Internatioiui,! (Council of Scientific Unions is still under the consideration of the 
Ministry of Natural Resources and Sidentilic Research. National Committees for 
collaboration with the Unions have not yet been formed though the Coimcil of the 
Institute has urged on Govemmont the necessity of doing so. It is, however, hoped 
that some tangible steps will bo taken during the course of the next year. In view 
of the above po.sition, we have not yet been able to fulfil the aims of our Object (d) 
of the Constitution. 

I do not think that the Council has over given thought to the fact that as a 
body of s**ientists of eminence, it is one of our objects to promote and safeguard the 
interests of scientists in India. So long as planning of research in Ind*a continues 
to bo tactical rather than strategic, there is great need to safeguard the interests of 
true scientists in this country. Already, sin* e the war, demmxd for scientists in high 
positions has upset the balance of scientific teaching and research in the country. 
Some of our eminent teachers and research workers are now administrators, with the 
result that standards have gone dovm in a number of universities and scientific 
institutions. We are now on paper producing a large number of scientists 
but I doubt if quality has been maintained. With the creation of new jobs, 
production of overnight specialists is now a common-place thing. In fact, in spite of a 
large number of scientific institutions in the country, I feel the scientific atmosphere 
is lacking. ‘After all it is not so much the administrative oiganisation of science, 
but the atmosphere in which scientific work is carried out, which really matters and 
so long as the scientist is in control of the conditions imder which he and his st^ 
work we may be quite sure that the maintenance of the right atmosphere will W' 
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assuied’ (Sir Edward Appleton at the British Commonwealth Soientific Conference 
Jhmd^n London in 1946). As a biologist, it seems to me odd that we seek a rapid 
progress of science along certain lines without first creating the atmosphere in which 
real science can fiouiish. It has been overlooked that the most essential object in 
any scheme of scientific development must be the ‘ Scientist * himself and if he is defici- 
ent in certain essential qualities or lacks necessary facilities, the entu*e superstructure 
becomes fruitless. Under these (iircumstanees, in the interest of science and of our 
country, it seems that we should regard ‘the promotion and safeguarding of the 
interests of scientists of India ’ as one of our most important functions. Tn <‘ollahora- 
tion with the Ministry*of Scientific Research, wo can undertake this task most effec- 
tively, but I wish to avail myself of this opportunity to explore what needs be done. 

One can sometimes read future events by a c lose study of those that happc^uecl 
in the past. I cannot say when the next step in the onward march of science will be 
taken^ut it would seem that such a step will be the formation of a National Research 
CoimcTl under the new Ministry to co-ordinate all fundamental scientiiic researc h 
in the country and to ensure balanced development of all sc iences. At present there 
is an undue emphasis on theoretical physics and problems of chemical kinetics or 
structures and a great neglect of biological sciences, which can play a v^y great 
part in national welfare. There is also a great need for the realisation that an indige- 
nous technology making use of the prim iplcs of science against the background of 
local, social and e(!onomi(^ structure <*an be far more effective in solving India’s 
problems than the transplantation of the te< hnology of the West. My personal 
experience of fishery problems has (‘onvinced me that future development c an only 
be based on indigenous knowledge and practices and then expanding the same through 
scientific imderstanding. The posvsibilities of such an expansion are unlimited, pro- 
vided the foundation is sound and well laid. We have much to learn froiu the 
eastern countries, particularly from Chirva and Japan, and have, in my judgment, 
already wasted much time, energy and funds in copying the West. 

The creation of a number of high salaried administrative jobs in fJovemmental 
services and depletion of Universities and scientiiic institutions has raised a problem 
of great national importance, and need is now felt among scientifir? workers for 
having a unified State Scientific* Civil Service so that the scientists can cany on 
their researc'hes uninterruptedly. Sooner or later the nation will have to consider 
whether the existing c onditions of service fur sc'icntific^ workers are commensurate 
or even adequate for the initial training they have to undergo as (compared with the 
administrative services. Unless the best scientific men, while cjarrying out sc'ientific 
researches, have equal prospects of pay and promotion, it will bo difficult to seeme 
men of more than usual ability for purely scientific jobs. Further, there is a necessity 
for providing rapid advancement for outstanding men, and the Finance Ministry 
must recognise the necessity of creating additional posts for outstanding men. There 
is also need for the provision for the promotion of individual research workers of 
exceptional abilities,* without necessarily expec ting them to carry administrative 
responsibility. The appointment of Dr. C. V^. Raman as National Professor and 
of Prpfessor K. N. Bahl as Research Professor by the University of Lucknow ore 
steps in the right direction. As President of the Institute, it has pained me to 
leam of the exodus of some of our young brilliant scientists to the U.8.A. or U.K, 
for lack of adequate fac ilities to work in India. Any national plan that leaves the 
ma n of science in a position inferior to that of his administrative or executive colleague 
is not going to be helpful in the least in creating a proper scientific atmosphere in the 
country, . 

From the above review of current and future events, I hope I have made xt 
clear where our deficiencies lie and how best we can fulfil our objects. We are very 
favourably placed to advise the nation on planning for scientific research and 
^velopment. Let us do our task fearlessly and boldly according to the best of our 
^^;adgment. 
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Before 1 conclude, it is my very pleasant duty to record the thanks o£ the 
Institute and my personal thanks to the office bearers of the Institute, particularly 
the- Secretaries', for the selfless service they have rendered during the year. I have 
received co-dperation of the Council and of the general body of Fellows in the dis- 
charge of my duties and for this I am much obliged to each Fellow of the Institute. 


New Delhi, 
5th October, 1961 


S. L. Hoba. 



ANNUAL REPORT, 1990-51 


• The CouncO of the National Institute of Sciences of India have the ploasuro 
in submitting the following report on the general concerns of the Institute for the 
yejfr 1960-51 , imder provisions of Rule 43(f). 


hfembersMp. 

Out of the 266 Ordinary Follows at the close of the year 1949-50, three died, 
one resigned (Dr. Nazir Ahmad) and the names of five (Mr. W. C. Ash, Dr. J. C. 
Bardhan, Dr. M. N. De, Mr. J. R. Haddow and Prof. P. 8. Maomahon) wore removed 
from tho list under Rule 31 . Fifteen now Ordinary Follows wore elected, but the elec- 
tion of one became null and void under Rule 9. At tho close of the year the number 
of Ordinary Fellows stood at 261 (Appendix I). 

In addition to 29 Honorary Follows listed in Appendix 1, tlio following four 
were elected during the year: — 

Sir Alexander Fleming, Kt., F.R.C.S., M.D., F.H.S., N.L., Tho Wright-Fleming Iiwtitute 
of Microbiology, St. Mary’s Hospittil Medical School, Poddiivgton, London, W. 2. 

Prof. Richard KUhn, N.L., Director, Max Planck-Institut fur Foi'schiuig Institut fur 
Chemio, Heidelberg, Germany. 

Prof. H. J. Muller, D.Sto., N.L., Professor of Zoology, Iiidiana University, Bloomington, 
Indiana, U.S.A. 

Prof. Selmaii A. Waksman, Professor of Microbiology, Now Jersey Agricultural 
Experimental Station, Niool Avenue, Now Brunswick, Now Jersey, U.S.A. 

Steps have been taken to confer on thorn tho Honorary Fellowship of the 
Institute through diplomatic channels. 


Obituaries. 

• * 

The death of tho following Fellows is noted with regrot : — 

Mr. T. P. Bhaskara Shostri, Foimdation B’ollow. 

Prof. K. C. Mehta, Foundation Fellow. 

Prof. P. Neogi, Ordinal^ Fellow. 

Prof. E. S. Goodrich, Honorary Fellow. 

The Institute also*adopted a vote of condolence on the death of Prof. Harold 
Bohr. 


Meetings. 

The Sixteenth Annual General Meeting was held at headquarters of the Institute, 
Delhi University, Delhi, on the 6th October, 1960, and tho Anniversary General 
Meeting at Bangalore on the Ist January, 1961, under the Presidentship of Prof. 
S. N. Bose. TIuee Chdinary General Meetings were also held. At all these meetings 
many papers were read and discussed, and the following 8)unposia wore also 
,held:-— 

May 6, 1960 (Delhi) . . Dyestuff Industries in India — organized by Prof. B. B, 

Dey. 
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August 4*5^ 1960 (Calcutta) . . Multipurpose River Projects in India’s National 

Economy-organized by Dr. Ji. C. Guha, Dr. S! L. • 
Hora and Dr. W. D. West, 

The following films were also shov^n on this occasion : — ( I ) Tennessee \"alley ^ 
Authority. (2) Malaria Control in the Tennessee Valley. 

October 6, 1960 (Delhi) . . Scientific Utilization of Indian Coals — organized by 

Dr. D. N. Wadia. 

January 1, 1961 (Bangalore) . . Organic rs. Inorganic Maixures — organized by Ptof. 

N. R. Dhar. 

At the Ordinary General Meeting held on the 7tb April, 1950, Prof. P. M. S. 
Blackett, N.L., of the University of Manchester, delivered a lecture on * A New Type 
of Meson’. 

A symposium on the ‘History of Science in South Asia’ was hold in collabora- 
tion with the U.N.E.S.C.O. ScieiKJO Co-operation ollico for South Asia on November 
6~7, 1961, and was participated by well-known historians and scientists. It was 
attended by delegates from various sciontifit- societies of India and also from 
Thailand and Indonesia. 

In addition. Prof. George B. Creasey, Chairman, International Geographical 
Union, gave a talk on ‘Land-Use Possibilities in Asia’ on the llth January, 1961. 

A reception was held on the 29th January, 1951, to meet Sir Lewis Fermor, first 
President of the Institute, who came to India in < oimei tion with the Centenary 
Celebrations of the Geological Survey of India. 


The Council. 


At the Sixteenth Anniversary (Jeneral Meeting held on tlie Ist January, 1951, 
the office bearers and members of Council for 1951 were elected. Together with the 
representatives nominated by the co-oporaling Aiademies, the Indian Science 
Congress Association and the Govornmont of India, the Council for 1951 was 
constituted as follows: — 


President 

Vice-Presidents . , 
Additional Vice-Presidents 


TretMurer 
Foreum Secretary 
Secretaries 

Editor of Publications 
Members 


J)r. S. L. Hora (Calcutta). 

Dr. K. S. Krislman (Delhi). 

Prof. P. Parija (Bauaraa). 

Prof. K. N, Bagchi (Calcutta). 

Prof. N. R. Dliar (Allahabad). 

Prof. P. C. Mahalaiiobis (Calcutta). 

Ueprosontative of the Indian Academy of Sciences 
(nomination not received). 

Dr. C. G. Pandit (Delhi). 

Dr. J. N. Mukherjee (Roorkee). 

Prof, D. S. Kothari (Delhi). 

Dr. H. S. Prutlii (DoUii). 

Prof. J. M. Sen (Calcutta). 

Dr. S, P. Agharkar (Poona). 

Prof. K. N. Bahl (Lucknow). 

Dr. S. K. Banerji (Calcutta). 

Prof, H. J. Bhabha (Bombay). 

Prof. S. Bliagavantam (Hyderabad). 

Prof. B. B. Dey (Madras), 

Dr. B.C. Guha (Calcutta). 

Prof. A. 0. Joshi (Hoshiarpur). 

Prof. R. C. Majumdar (Dellii). 

Dr. B. P. Pal (Delhi). 

Dr, V. G. Panse (Indore). 

Dr. Mata Prasad (Bombay). 

Dr. L. A. Ramdas (Poona). 

Prof. M. N. Saha (Calcutta). 

Prof. N. R. Sen (Calcutta). 

Dr. P. V. Sukhatme (Delhi). 

Dr. A. C. Ukil (Calcutta). 
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^Ex-officio Members 
(Past Presidents) 


Additional Members 


Representative of Qovernmeni of 
India 


Dr. S, S. Bhatmgar (1947 and 1948) (Delhi). 

Prof. S. N. Bose (1949 and 1980) (Calcutta). 

Dr. R. N. Cliopra (1989 and 1940) (Jammu). 

Dr. J. C. Ghosh (1943 and 1944) (Kharaspur). 

Dr. Baini Prashad (1941 and 1942) (Calcutta). 

Dr. D. N. Wodia (1946 and 1946) (Delhi). 

Dr. J, L. Bhiuluri (Calcutta). 

Dr. B. Mukerji (Luoltnow). 

Dr. P. L. Srivastava (Allahabad). 

Ropreseutative of the Indian Academy of Soienoea 
(nominatioi) not received). 

Dr. C. G. Pandit. 


The Sectional and other Committees appointed by the Council are shown in 
Appendix II. The Council held five meetings. Some important resolutions passed 
by the Council are given in Appendix 111. 

Repretientations on Scientific Bodies. 

Dr. S. L. Hora and Prof. B. B. l)oy wore nominated for the year ending Slst 
Marc.h, 1952, as representatives of the Institute on the C'ounc'il of the Indian Associa- 
tion for the Cultivation of Science. 

The representatives on the Indian Standards Institution were as follows: — 

General Council . . . . Mr. G. 11. Paranjpe. 

Chemical Division . . . . Dr. B. Mukerji (jirincipal) and Prof. K. N, Bagohi 

(alternative). 

Weights and Measure Committee . . Prof. H. K. Mitra (principal) atid Mr. G. C. Miiter 

(alt^'rnativo ). 

Prof. A. C. Banerji and Dr. B. Mukerji wore appointed to represent the 
Institute at the Annual Meeting of the British Association for the Advancement 
of Science at Birmingham in August-Septembor 1 1)50. 

The National Imtitute has continued to act as adviser to the Department of 
Scientific Research (now the Ministry of Natural Kosourees and Sciontilic Research) 
in all matters concerning the International iScientilic Unions and their co- 
ordinating body — I.C.S.U. The proposal to recognize the National Institute of 
Sciences of India as the Adhering Body for the I.C.S.U. is still under the consideration 
of the Mirfistry. National Committees for collaboration with the Unions have not 
yet been formed, but it is hoped that some tangible steps ^vil\ bo taken, during 
the course of next year. The Council of the Institute has already urged on 
Government the necessity for doing so. 

With the growth of science and technology in Asia and the Far East, it is most 
desirable that scientists in these countries i)articipate more fully in international 
scientific activities. A development of interest to international co-operation in 
science is the growing number of international scientific and technological con- 
ferences which are being held in Asia and the Par East during recent years. A 
list of these are given below ; — 

'♦(1) International Anti -Locust Conference. (New Delhi, 1960) 

♦(2) International Conference on Hydraulic Structures Re- \ 

search. (New Delhi, 1961) I ^ - 

♦(3) Fourth Confess on Large Dams. (New Delhi, 1961) j Invited by Gk>yt. of 

*(4) Meetings of two Sectional Committees of World Power I India and organized by 
Conference, viz., \ National Committee of 

(i) Use of Electricity in Agriculture. f World Power Con- 

(ii) Co-ordination of the Development of Industries I ferences and Central 
and Power Resources. (New Delhi, 1961) I Board of Irrigation. 

(6) International Commission on Irrigation and Drainage. I 
(Mysore, 1961) f 

* Information supplied by the Ministry of Natural Resources and Scientific Research, 
Qovt, of India, New DeUii. 
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(6) E.C.A.F.E.-U,N.E.8.C.O. Working Party on the avail- ^ 

aT)ility of Educational and Scientific Materiala. (New f 
Delhi, 1950; llerngkok, 1951) I 

(7) Flood Control Cotiforonce. (New Delhi* 1961) J 

(Sy Forestry and Timbor Utilization. (Bangalore, 1940) j 

(9) Livestock Improvement. (Lucknow, 1960) f 

(10) Rice Commission. (Rangoon, 1060 ; Bogor, 1951) f 

(11) Nutrition Commission, (Rangoon, 1950) J 

{ 12) Symposium on Fundamental Particles. (Bombay, 1951).. 


Sponsored by B.C.A.F.E. 

<■ 


Sponsored by F.A.O. 

Sponsored by I.U.P.A.P. 
in colialioratiou with 
the Tata Institute of 
Fundamental Re- 
search. 


(13) Symposium on History of Science in *South Asia... Sponsored by the Natio- 

(Delhi, 1960) nal Institute of Sciences 

of India in collabora- 
tion with the U.N.E.S.- 
C.O. 

(14) Symposium on Origin and Distribution of Cultivated.. Sponsored by U.N.E.S.- 

Piants in South Asia. (New Delhi, 1951) 0.0. in collaboration 

v\ ith the Indian Society^^ 
of Genetics and Plant 
Breeding. 


Another matter of great interest to scientists in India and elsewhere is the 
inauguration in January, 19r>I, of the Pan Indian Ocean Science Association in 
Bangalore under the auspices of the Indian Science Congress Association, for which 
our thanks are due to our Australian colleagues who took the initiative. The 
indeixmdent countries around the Indian Ocean and (50imt?‘ics having territories 
bordering the Indian Ocean are eligible for mombershij) of the P.I.O.S.A. The deve- 
lopments are very welcome as they are most helpful for the do\ clopment of the 
progress of science and the improvement of the conditions of the people in the 
countries concerned. 


Ivstikite Building. 

Good deal of progress has been made in tlic < ouvstruction of tlu', building. 
Elo(drifi(;ation and plumbing have been entrusted to < ontrar^tors by the Architect. 
The building is likely to bo ready for occupation before the end of Soptoml)er, 1961. 

Ddegalions to International Confereyices, 

Follows of the Institute represented the Government of India at various 
International Conferences during the year under report : — 

1. International Rice Commission of the F.A.O. — (1) Rice Breeders Working Party, 

and (2) Worki^ Party on Fertilizers and Manures, April 1950 (Bogor, Indonesia) 
—Mr. K. Ramiah. 

2. Tenth Meeting of the International Union of Biological Sciences, July 1960 

(Stockholm) — Prof. P. Malioshwari and Prof. F. R. Bhamcha. 

3. Seventh International Botanical Congress, July 1050 (Stool^olm) — Prof. P. Mahesh- 

wari and Prof. F. R. Bhamcha. 

4. Intomatioiml Physiological Congress, August 1960 (Copenhagen) — Dr, B. Mttkerji. 

6. Meeting of the Executive Board of the International Council of Scientific Unions, 

August 1950 (Berne)— Dr. J, N. Mukherjee. 

6. International Congress of Mathematicians, August-September 1960 (Cambridge, 

Mass, U.S.A.) — ^Prof, P. C. Mahalanobis, Prof, S. Chowla, Prof. R. C. Bose, Mr. 

S. N. Roy. 

7. Meeting of the Associations for the Advancement of Science held under the auspices 

of the U.N.B.S.C.O., September 1960 (Paris)— Dr. B. Mukerji. 

8. Tliird Session of the Indo-Paoific Fisliories Council, January -February 1961 (Madras) 

— Dr. S, L. Hora, Dr. S. B. Setna and Dr. B. N. Chopra. 

9. Conference of International Locust Experts, March 1961 (Cairo) — Dr. H. S. Pruthi. 

10. Extraordinary Conference of Directors of the International Meteorological Organiza- 

tion, March 1961 (Paris) — ^Mr. V. V. Sohoni and Mr. 8. Basu. 

11. B^irst Congress of the World Meteorological Organization, March -April 1961 (Paris) 

Mr. V. V. Sohoni and Mr. S. Basu. 
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Prof. A. C. Banerji was sent on deputation by the Government of India to visit 
obtervatories and universities in Euro}>o ami America from 6th February to 8th 
September, 1950. Dr. L. C. Verman ropresentwl Indian Body on* the Ibllowing 
International Conferences: — 

1. I.S.O. Technical Committee on Raw Materials for risints, vamishen and similar 

products, 1950 (Zurich). 

2. I.S.O. Council and Council Committee on Modilloation of Statutes, July 1950 (Geneva) 

3. International Eloctrotoohuical Commission Technical Committees. July 195<) 

(Paris). 

Dr. N. K. Bose attended tlio International Enginot^in^ Conforonre at Bombay 
and Delhi as a roprosontativo of the Government of West Bengal. 

Publications, 

Six numbers of Pmemdings, Vol. XVI, Nos. 2-6 and \ ol. X\'TT, No. 1, about 
606 pages, were published during the year. 

lAhrary, 

About 400 books and pamphlets wore added during the year. About ten new 
institutions were added to the list for oxcdiangc^ (»f their publications with those of 
tho Institute, whhdi include : — 

1. Sarawak Museum and Library. 

2. Kyushu University Library. 

:i. College of Agriculture, Kyoto, Japan. 
i . Texti le In st i tute , Mancliester. 

5. Missouri llotanical Garden. 

A list of periodicals received is given in Appendix IV. 


Presenilation, 

Dr. E. U. Condon, Director, Bureau of Standards, Washington, has presented 
the following films to the Institute: — 

1 . Explosions on the Sun. 

2. TiOw Temperature. 

:i. Ionosphere Storm on March 16-16, 1948. 

Dr. Hansraj Gupta has presented to the Libmry original of his work on * Three 
Square Table’. 

Several presents were received in the Library. Particular mentions are made 
of the 59 volumes of ‘ Fauna of British India’ series from tho National Archives and 
the Svedber^ from Uppsala University. 


Orantskin-aid of Publications, 

During the year under report Publication Grant of Rs. 15,000 was distributed 
as follows: — 


National Academy of Sciences, India 
Indian Science Congress Association 
Current Science Association 
Indian Science News Association 
Indian Mathematical Society 
Calcutta Mathematical Society 
Bharata Ganita Parishad . . • • 

Indi<«x Society of Agricultural Statistics 

Indian Physical Society . ♦ • • ♦ » 


1,000 

1,000 

1,000 

1,000 

500 

500 

300 

500 

80Q 
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Rs. 

Ixvdian Chemical Society . . . . . • . . 56o • 

Ixurtitutim of Chomiets (India) . . . . 600 

Society ox Biological Cliemista, India . . . . . . . . 600 

Indian Geographical Society . . . . 600 

Calcutta Geographical Society . . . . . . 600 

Geological, Mining and Metallurgical Society of India . . 600 

National Geographical Society of India . . . . 600 

Indian Botanical Society . . , . 700 

Indian Society of Genetica and Plant Breeding 260 * 

Indian Phytopathological Society . . 250 

Zoological Society of India . . . . . . ,000 

Entomological Society of India . 800 

Indian Anthropological Institute . . . . 200 

Indian Pharmaceutical Association . . 500 

Indian Institute for Medical Research . . 400 

Physiological Society of India . . . . 250 

Inaian Psychological AssfHjiation . . 200 

Indian Daiiy Science Association . . . . . . 260 


OrantsAn-aid to Lmmed Socielieji from the Cevtral OovemmeM. 

From among the societies which approached the Institute for obtaining grants- 
in-aid from the Government Funds, the following were recommended during the 
year:— 


For the year 1950^61. 

(o) Current Sdienoo Association — non-recurring grant of Rs. 1,000 in support of its 
Journal. 

(6) Indian Chemical Society — Normal roouiring grant of R8.3,000. 

(c) Institution of Chemists (India) — Normal recurring grant of Rs. 1,000. 

(d) Calcutta Mathematical l^oioty — A recurring grant of Rs. 1,000. 

In addition to the above the following grants which could not be made available 
during the year 1 949-60 wore also recommended : — 

(а) Indian Soienco News Association — token grant of R8.5,000 during 1960-61 and 

R8.20,000 during 1061-62 for a Hindi edition of ‘ Science and Culture*. 

(б) Indian Institute of Metals — ^R b.I, 000 in support of its Transewtions. 

(c) Zoological Society of India — ^R8,l,000 in support of its Journal. 

{d) Entomological Society of India — Rs. 1,000 to bring the publication of .its Journal 
up to date. 

(e) Mining, Geological and Metallurgical Institute of India — ^Rs.3,000 to bring arrears of 

publications up to date. 

(/) Physiological Society of India — Rs. 1,000 in support of its Journal. 

For the year 

For considerations of economy the Council restricted themselves to recommend- 
ing the following grants for 1 961-62 in addition to those falling* due as recurring : — 

(а) Indian Science Congress Association — a recurring grant of R8.26,000 for its 

publications. * 

(б) Zoological Society of India — a non-recurring grant of Rs.1,500 for its Journal. 

(c) Entomological Society of India — a non-recurring grant of Rs. 1,600 for its Journal. 

National Institute of /Sciences JResearrh Fellowships, 

Senior Research Fellowships. 

The following Senior Research Follows wore at work at places mentioned against 
their names : — 

1. Mr. S. P. Basu (Zoology), All-India Institute of Hygiene and Public Health, Calcutta. 

2. Dr. J. Bhimasenachar (Physics), Andhra University Waltair (up to 16th June, 1950). 

3. Mr. U. R. Burman (Mathematics), Calcutta University (up to 15th April, 1950). 
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• f Kar <Phy»iology), Central Dnifipi Laboratory, Oaloatta. 

**■ Scrt”' (Botany), Banaras Hindu University (fiom 1st June to Slat August, 

19o0^ • 

- 5 !- ?• 2 - (Chemistry), Calcutta University (up to 9th Deoembwr, 1980). . 

7. Dr. L. S. Ramaswaim (Zoology), Central College, Bangalore. 

8. Dr. A. N. Roy (Chemistry), Bengal Exxgineering College^ Silmur. 

(Botany), Central CoTlogo, Bangalore (up to 28th February, 19S1). 
10* Dr. Sukh Dev (Chemistry), Indian Institute of Science, Ban^^dom. 

11. Mr. V. R. Thiruvenkatachar (Mathematics), Central College, Bangalore* 


Jvnior Research Fellowships, 

The following Junior Resoaroli Fellows were at work at places mentioned against 
their names: — 

1. Mr. B. K. Banorjea (Physios), Calcutta University, 

2. Dr. P. M. Bhar^va (Chemistry), Laboratories of Scientific and Industrial Eesearoh, 

Hyderabad. 

3. Mr. V. Cliandrasokharan (Physics), Indian Institute of Science^ Bangalore. 

4. Mr. A. K. Chaudhuri (Physics), Calcutta University. 

5. Dr, K. Das Gupta (Physics), Calcutta University (up to 17th November, 1060). 

6. Mr. S. Dutta Majumdar (Physics)^ Calcutta University. 

7. Dr. G. S. Deshmukh (Chemistry), Banaras Hindu University. 

8. Dr. S. G. Joahi (Chemistry), Mahara^tra Association for the Cultivation of Science, 

Poona. 

9. Mr. S. D. Misra (Zoology), Lucknow University. 

10. Mr. D. K. Mukherji (Botany), Indian Agricultural Research Institute, New Delhi (up to 

7th November, 1950). 

11. Dr. (Mrs.) Vidyavati Paul (Zoology), Delhi University. 

12. Mr. Y. Sundar Rao (Botany), Government College, Hoshiarpur (up to 17th October, 

1950). 

13. Mr. N. Sathapathy (Geology), Andhra University, Waltair. 

14. Mrs. Ira Sarkar (Zoology), C^outta University. 

16. Mr. K. Subramonyara (Botany), "Central College, Bangalore. 

16. Mr. B. V. Sukhatmo (Mathematics), Indian Council of Agricultural Bosearch (up to 

28th September, 1960). 

17. Mr. S. Vodaraman (Chemistry), Indian Institute of Science, Bangalore (up to 31st 

August, 1960). 


Imperial (Chemical Industries (India) Resemch Fellov*ships, 

The following I.C.T. (India) Research Fellows were at work at places mentioned 
against their names : — 

1. Mr. C. Balakrishnan (Physics), National Physical Laboratory, New DeUii. 

2. Mr. S. P. Baau (Zoology), Zoological Survey of India, Calcutta (up to 15th July, I960). 

3. Mr. H. N. Bose (Physics), Calcutta University (up to 30th June, 1960). 

4. Dr. I, M. Chak (Chemistry), Central Drug Reroarch Institute, Lucknow. 

6. Dr. A. K* Chateabarti (Botany), Calcutta University. 

6. Ml*. T. V. Desfkachari (Botany), Madras University. 

7. Dr. S. N- Ghosh (Physics), Calcutta University (up to 22nd August, 1950). 

8. Mr. A. G. K. Menon (Zoology), Zoological Survey of India, Calcutta. 

9. Dr. G. C. Mitra (Botany), Calcutta University. 

10. Mr. J. Mitra (Botany), Calcutta University, 

•11. Mr. T. V. R. Pillay (Zoology), Zoological Survey of India, Calcutta. 

12. Dr. L. Ramachandro Rao (Chemistry), Andhra University (up to Slot January, 

1961). 

13. Dr. C. Ramasastry (Physics), Andhra University. 

14. Dr. K. K. Reddi (Cliemistry), Indian Institute of Science, Bangalote (up to November, 

1960). 

16. Dr. P. K. Sen Chaudhury (Physics), Bose Institute, Calcutta. 

16, Dr, C. V. Subramanian (Botany), Madras University (up to 18th June, 1950). 

Summaries of Annual and Final Reports of Research Fellows are given in 
Appendix VII* 
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The term of the original endowment of the Imperial Chemical Industries (India) 
Researeh Fellowship having expired, the Council approached the Imperial Chemical 
Industries, Ltd., to extend the scheme. The Imperial Chemical Industries, Ltd., 
have been pleased to sanction a second scheme for the award of Research Fellowships 
on the same terms and conditions as before. The first batch of Research Fellows 
under this scheme will be appointed daring the year 1961-62. 

A National Research Fellowship has been awarded to Ur. M. O. P. Iyengar 
for a period of two years for the preparation of a monograph on Algae. 

Financial. 

The recurring grant-in-aid towards expenditure on salaries of staff, research 
fellowships, travelling, library and publications amounted to R8.2, 00,000 during 
the iumncial year 1960-61. The Calcutta University, as in previous years, donated 
a sum of R8.600 in aid of tho Institute and Rs.BOO wore received from Osmania 
University. 

The audited accounts for tho financial year oiuling 31st March, 1961, are given 
in Appendix V, in which are also given subsidiary statements relating to the I.C.I. 
Research Fellowships grant, Chandrakala Hora Memorial Medal Endowment, the 
grant for compilation of a National Register of Scientific and Technical Persoimel 
and tho Popularization of Science Fuml. 

Tho Budget Estimates for 1951 -62 are shown in Appendix VI. 

Post of Assistant Se/^retary. 

In October, 1950, on the expiry of the term as Officer Supervisor of Mr, A. M. 

I lesai, it was decided to take steps to appoint an Assistant Secretary. Tho post of 
Assistant SocTetary had been in abeyance for a period of nearly two and a half years. 
For this period as an interim measure Mr, Desai was appointed as Officer Supervisor. 
The post has been advertised and it is expected that the appointment will be made 
some time before the end of 1951. 

The Council placed on record the appreciation of Mr. Desai’s services to the 
Institute. 



APPENDIX I 


LIST OF FELLOWS 


ORDINARY FET-LOWS 

Abbaham, W. E. V., U.-Col., A.R.C.8. (1.), F.O.R., MJnsi.r.T., Mnnaginp Dm«Hor, 
Burmah Oil Co., Ltd,, Britannic Houso. Finsbury Cm us, London, I'-.C . 2. (1<»36). 
AoHABKAit, S. P., M.A., Ph.D., F.L.S., Head of tho DeT>t. of Botany, Maharashtra 
Association for tho Cultivation of Scionco, Law Collcgo, Poona 4-. 

AirMAO, Bashib, M.Sc., Ph.D., Director, Institute of Chcmistiy, runjab University, The 
Mall’, Lahore. (1944). 

Aitab, R. GoPAiA, M.A., L.T., M.Sc., Profosaor of Zoology, Andlira University, Waltair. 
(1938). 

Ajbbkab, S. L., B.A. (Cantab.), Dip. Agri<!., l.E.S. (Retired), 8r>5 Shivejinngar, Bhan- 
darkar Instiiuto Road, Poona 4. 

ANANDARAU.K..Rao Bahadur, M.A., T.E.S. (rotcl.). 29, Hoag Road, T)»yagnraynn«igar, 
Madras. > « , 

Antia D P., D.Sc., Metals Development Officer Mmistp' *>1“ 

^^nlment of India, Chawdhury Building, Block ‘K’, Connaugl.t thnus, Nov Dell... 

(1960). 

Asminr. R. K.. M.Sc., Ph.D. (Cantab.), Professor of Physics, Banaras Hind.. University, 

Banara.8. (1961). i c 

AtTDBB, J. B., M.A., Sc.D. (Cantab.), F.A.S., Su,>erintendi..g Coologisl. Geological 

of India, 27 Cliowringhoe Road, Calcutta. (J9t5»). 

AOTUOK F C , Ph.D., D.Sc., Reader in Physics, Delhi University, Delhi. (1969). 

AWATI P. R.. B.A. (Cantab.), D.I.C., l.E.S. (Retd.), 47/5 Prabhat Road, Poona 4. 
BAOOiraB, K. D., D.So., D.I.C., Forest Botanist. Forest Rosoarrh Institute, Now lorcst, 

BA»b?^N., BI B.h.B»r, B.3c„ M.B., D.T.M., B.B.I.C',. r. B.ll,g.»«. PI«o, 
Ballygungo, Calcutta 19. (1940). 

Bahi- K N D.Sc., D.Phil., F.A.S., Vice-Chancellor Patna University. Patna. 

B»mi™., K., D.ao., Mri,o«d.5.1 

the Cultivation of Science, Jadavpur, Calcutta 32. (1039). 

Bawbbji a. C. M. 8 o., M.A., F.R.A.S.. I.E. 8.. Professor of Mathematics, Allahabad 
Univeisitv; Cyan Kutir, Boli Rood, Allahabad. i 

Rawbbji I D So . P.L.S., Lecturer in Botany, Calcutta University, 36 Ballygungo Circular 

Xad.'<>l<nitte 19. (1946). , . . • t a- 

« aw nwp nSc FBMS, Director-General of Observatonos, mdia 

^!t!Sologi?al’ m^rtment (wtd.), 3 Eamani Chatterjoe Road, R. B. Avenue P.O., 

M.Sc,, Ph.D. (Lend.), Soil Physicist to tho Government of Bombay, Central 

kT DX(Di^Tph.D. (Munich) Head of the Dai^ Chemistry Section, Indian 

■ ^^iry Research Institute, Hosur Road, Bangalore 1. (1961). 

BA80 N.M.,M.A., 63 Hindusthan Park, Ballygunge. Calcutta, 

Bato' S., M.Sc,, Dy. Director-Goneral of Observatories. Meteorological Offico, Gnnesh. 

BA80,”u.^rD^TDirectorBengal Immunity Research Institute; 9«/4 Surendranath 

B»^?RA? Sc.D., Professor of Mathematics, Delhi University. Delh.. 

, BhamI!' H. J.. Ph.D.. D.Sc. F.B.S-. Director, Tata Institute of Fundamental Re«iamb. 
Apollo Pier Road, Bombay. (1941). 



42 


AKKUAL RBPOET 


26. Bhad'OBI, J. L., D.Sc. (Kdin.), F.Z.S.I.^ P.A.S,, in Zoology, Calcutta University, 

35 Ballygungo Circular Road, Calcutta 19. (1940). 

27. BhadurI, P. N., Ph.D., P.R.M.8., F.R.H.S., F.L.8., Assistant Cytogeneticist, Indi^ 

Agricultural Research Institute, Pusa Road, New Delhi. (1944). 

28. Bitagavantam, S., D.8c., Director, Physical Lat>oratory, Osmaiiia University, Hyderabad, 

Deccan, (1949). 

29. Bharadwaja, Y., M.Sc,, Ph.D. (Bond.), F.L.8., Professor and Head of the Departroont 

of Botany, Banaras Hindu University, Banaras. (1937), 

30. Buaruoha, F, R., M.So., D.So., Professor and Head of the Department of Botany, The 

Institute of Science, Mayo Road, Fort, Bombay 1. (1939). 

31. Bhatnagar, P. L., D.Phil., D.Sc., Head of the Department of Mathematics, St. Stephen’s 

College, Delhi. (1950). 

32. Bhatnagab, Sir S. S., Kt., O.B.E., D.Sc., F.R.S., F.R.I.C., F.Tnst.P., Secretary, 

Ministry of Natural Resources and Sr*i^»ntific Research, Oovomment of India, Central 
Secretariat, North Block, Now Delhi. 

33. Bhattaciiabya, D, R., Rai Bahadur, D.Sc., Ph.D., F.Z.S., Vice-Clioncellor, Allahabad 

University ; 7 Malaviya Rond, Allahabad. 

84. BniMAOHAB, B. S., D.Sc., Fishery Biologist, Central Marino Fisheries Research Station, 
West Hill, Calicut, (1948). 

35. Biswas, K., D.So., F.R.S.E., Superintendent, Royal Botanic Garden, Botanic Gardens 

P.O., Howrah. (1950). 

36. Bomford, G., Brigadier, R.E., Hainton Lodge, Sutton Courtenay, Berkshire, England. 

(1935). 

37. Bob, N. L., C.I.E., M.A., D.Sc., F.L.S., c/o Messrs. Lloyds Bank, Ltd., 6 Pall Mall, London, 

S.W. 2. (1941). 

38. Bosb, D. M., M.A., B.Sc., Ph.D., Director, Bose Institute, 93 Upper Circular Road, 

Calcutta 9, 

39. Bosr, J. P,, M.B., F.C.S,, ‘Tlio Sanctuary*, 41/4A Baghbazar Street, Calcutta 3, (1950), 

40. Bosk, N. K., M.Sc., Ph.D., Director, River Research Institute, Bengal, Anderson House, 

Alipur, Calcutta. (1938^. 

41. Bosk, P, C., B.Sc. (Glas.), Deputy Director, Health Services (Engineering), Government 

of West Bengal; 21 Mandeville Gardens, Calcutta. (1948). 

42. Bosk, P. K., D.Sc*., Director, Indian Lac Research Institute, Namkum, Ranchi. (1944). 

43. Bosk, U. C., M.A., Professor, Institute of Mathematical Statistics, University of N. Carolina. 

Clmpel Hill, N.C.. U.S.A. (1942), 

44. Bosk, S. N., M.Sc., Khaira Professor of Physics, Calcutta University, 92 Upper Circular 

Ro^vd, Calcutta 0. 

45. Bosjs, S. U., M,A., D.Sc., F.R.S.E., Professor of Botany, R. G. Kar Medical College, 

1 Bolgachia Road, Calcutta. (1935). 

46. BiTBBinoE, W., D.M., M.A. (Oxen.), 366 Woodstock Road, Oxford. 

47. (?nAKBABABTY, S. K.. D.Sc., Head of the Department of Mathematics, Bengal Engineering 

College, J3otanic Gardens P.O., Howrah. (1949). 

48. Chakra VABTi, D., D.Sc., Lecturer in Chemistry, Calcutta University, 92 Upper Circular 

Road , Calcutta 9. (1 949). 

49. Chattkrjbe, S. C., D.Sc., Professor and Head of the Departpient of Geology, Science 

College, Patna University, Patna 5. (1948). 

50. Chattopaduyay, K. P., M.Sc, (Cantab.), Professor and Head of the Department of 

Anthropology, University College of Science; 2 Palm Place, BaDygunge, Calcutta 19. 
(1951). 

51. Chaudhubi, R. N., M.B„ M.R.C.P. (Edin,), T.D.D. (Wales), F.S.M.F., Director, School 

of Tropical Medicine, Chittaranjan Avenue, Calcutta 12. (1950). 

52. Chopra, B. N., D.Sc.. F.L.S., Deputy Fisheries Development Adviser, Goveminent of 

India, Ministry of Agriculture, New Delhi. (1935). 

53. Chopra, Sib R. N., Kt., C.I.E., M.D., Sc.D., F.A.S., F.R.C.P., Brevet-Col., I.M.S. 

(retired), Dii’eotor, Drug Research Laboratory, Jeunmu-Tawi, Jammu and Kashmir 
State. 

64. Chowdhhby, j. K., M.Sc., Dr.Phil. (Berlin), Head of the Department of Chemistry, Bose 
Institute, 93 Upper Circular Road, Calcutta 9. (1938). 

66. Chowbhtjby, K. Abuad, M.B.E., B.A., B.Sc., M.S., D.Sc., Wood Technologist, Forest 
Research Institute, New Forest, Dehra Dun. (1940), 
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o6. Chowla, S., Ph.D,» School of Mathematicn^ Inatituto of Advanced Study, Princeton. 

. • New Jersey (U.S.A.). 

67. Coates, J A.R.S.M., F.G.S., Eyton Houbo, Loominator, Herefordshire, England. (1040). 

68. Crookshank, H., C.I.E., B.A., B.A.T., T).Sc., Geological Survey of Pakistan, Quetta. 

(1938). 

69. Das, A. K., D.Sc., Director, Solar Physics Observatory, Kodaikanal, S. India. (1043). 

60. Das, B. K., D.So. (Lond.), Professor and Hoed of the Department of Zoolo|p[y, Osmania 

University; c/o Baghe All’s House, 151 Morn^dpslly, Secunderabad, Dei'can! (1949). 

61. Das GtiFTA, C. R., M.B., D.T.M. (Cal.), Head of the Department of Haematologj% School 

of Tropical Medicine, Calcutta 12. (1961). 

62. DASTtm, J. F., M.Sc.*, D.I.C., Scaredalo, Panday Rond. Colaba, Bombay. (1948). 

63. Dastur, R. H., M.Sc., Plant Physiologist, Institute of Plant Industry, Indore. 

64. Datta, S., D.Sc., D.I.C,, 39 Hindusthan Park, P.O. R.B. Avenue, Calcutta 29. (1935). 

66. Datta, S., D.Sc., F.R.S.E., M.R.C.V.S., D.T.V.M., Major, Director, Indian Veterinary 
Research Institute, Izatnagar, Bareilly, U.P. (1938). 

66. Db, P., M.B. (Cal.), F.R.C.P.E.. 172 Lansdowne Road, Calcutta 29. (1943). 

67. Desai, R. D., D.Sc. (Lend.), D.I.C., F.R.T.C., L. D. Arts College and M. O. Science 

Institute, Navarangpura, Ahmedabad 9. (1942). 

68. Dry, B. B., D.Sc., F.R.I.C., I.B.S. (retd.), 77 High Road, Mylapore, Madras. 

69. Dhar, N. R., D.Sc., F.R.I.C., I.E.S. (retd.), Professor of Chemistry, Allahabad University, 

Allahabad. 

70. Dikshit, B. B., M.B.B.S. (Bombay), Ph.D. (Edin.), M.R.C.P. (Edin.), D.P.H. (Calcutta), 

Principal, B.J. Medical College, Poona. (1941). 

71. Dtjtt, S. B., D.Sc., D.I.C. , F.R.T.C., Professor of Chemistry, Delhi University, Delhi. 

(1936). 

72. Dxttta, a. K., D.Sc., Mayurbhanj Professor of Physics, Utkal University, Cuttack, 

(1948). 

73. DtrTTA Roy, R. K., Dr.Ing., Chemist, Geological Survey of India, 27 Chowringhee Road, 

Calcutta 13. (1948). 

74. Elwin, YERRnsB, M.A., D.Sc. (Oxon.), F.A.S., Taru House, P.O. Patangarh, Dt. 

Mandla, C.P. (1943). 

75. Evans, P., B.A., F.G.8., Cliief Geologist, Burmah Oil Co., Ltd., Britamiic House, Finsbury 

Circus, London, E.C. 2. 

70. Fbrmob, Sir Lewis L., Kt., O.B.E., D.Sc., A.R.S.M., M.Tnst.M.M.. F.O.S., F.A.S., 
F.R.S., 24 Durdham Park, Bristol 0. 

77. Fowler, Gilbert J., D.Sc., F.R.I.C., C/onsulting Obomist, Central Hotel, Bangalore. 

78. Ganapathi, K., D.Sc., Assistant Director, Chemotherapy Department, Haffkino Institute, 

Parel, Bombay. (1946). 

79. GANOtTLY, P. B., D.Sc, (Lond.), Principal, Science College, Patna, (1945). 

80. Gbb, E. R,, M.A., F.G.S., Waveney, The Linkway, Sutton, Surrey, England. (1936). 

81. Ghataoe, V. M., D.Sc., D.Phil. (Gottingen;, A.F.R.Ac.S. (Lond.), M.I.Ac.Sc. (U.S.A.), 

Chief Designer, Hindusthan Aircraft, Ltd., Bangalore. (I960). 

82. Ghosh, B. N., D.Sc. (Lend,), Reader in Physical Chemistry, University College of Science, 

92 Upper Circular Road, Calcutta 9. (1942). 

83. Ghosh,* J., M.A., Ph.D., 9 Satyen Datta Road, Calcutta 29. (1936). 

84. Ghosh, Sib J. C., Kt., D.Sc., F.A.S., Director, Indian Institute of Technology* 

^ Kharagpur, B.N.R. 

86. Ghosh, P. K., M.Sc., D.I.C., D.Sc. (Lond,), Geologist, Geological Survey of India, 27 
Chowringhee Road, Calcutta 13. (1941). 

86. * Ghosh, R. N., D.Sc., Reader in Ph 3 rsic 8 , Allahabad University; 152 South Malaka, 

Allahabad. (1939). 

87. Ghosh, Shdhahoy, M.B.E., D.Sc. (Edin.), F.R.I.C., Emeritus Professor, School of Tropical 

Medicine; 16 Justice Chundermf^hab Road, P.O, Elgin Road, Calcutta. (1946). 

88. Ghosh, SttodbOdak, D.Sc., Lecturer in Ajmlied Mathematics, University College of 

Science, 92 Upper Circular Road, Calcutta 9. (1961 ). 

89. Ghhryib, G. S., M.A., Ph.D., Professor of Sociology, University of Bombay, Puller Road, 
• Bombay. (1941)* 

90. Gill, P. S., M.S., Ph.D. (Chicago), F.A.P.S., Professor of Physics, Muslim University, 

AHgarh. (1945). 
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9 1 . OLKNNtK, E. A., D.S.O., Brigadier, R.E., Steepways, Cross Oak Road, Berkhainsted, Herts, 

England. ' • 

92. i.JiiAVKLY, K. TT., n.Ho., F.A.S., 95 Northcourt Avomio, Reading, England. 

9;i. tjRKVAL, P. H., M.D., Ch.B., Lt.-Od., T.M.S. (R.), School of Tropical Medicine, 

Chittaranjan Avonuo, (^ulcntto 12. (1951). 

94 (rTJiiA, B. C., D.Sr., Moniber, Damodar Valloy Corporation, Anderson House, Alipore, 
<^alrnttH 27. (1941). 

95. (iniiA, H. S., M.A., A.M., Ph.D., F.A.S., Director, Department of Anthropology, 
Indian Museum, 27 ChoAvringhce Rond, Calcutta 13. 

99, (U/HA, P, C., D.Sc,, Professor of Organic (’heinistry, Indian Tn.stitute (»f Scionro, Malles- 
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Floor, Janmabhumi Chambers, Fort Street, Ballard Estate, Bombay 1. 0^3)* 

247. Tribbdi, B, P., M.B. (Cal.), D.B. (Lond.), Professor of,PaUiology, Medical College and 

Bacteriologist to the Government of West Bengal, Calcutta. (1643). 
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UB. XJjax., A. C., M,B., M.S.P.K., F.8.M.P. (Hon. Oauaa), F.A.S,, 67 DhawrtnUUi Streoi, 
Caloatta 13. (1936). 

2fc. UwAh, B. N., M.B.E.y Ph.D., t>im;tOT of Agricult uro, Bombay Province, Poona 6. (1944). 

260. VAoaXLL» E. T., M.A. (Cantab.), F.G.S., F.Inat.P., (^olcy, I.vdwoll Road, Torquay, Devon. 

England. (1942). 

261. Vabxa, R. S., O.Sc., Sonior Scuentitic Oftirer, Ministry of Defence, Govemmeni of India, 

• Soutb Block, Central Secretariat, New Delhi. (1040). 

262. Vasitdbva, R. S., Ph.D,, D.I.t., Head of the Divieiou of Mycology and Plant Pathology, 
* Indian Agricultural Reeearoh Inatitute, New Dellii 5. (1960). 

253. Vbkbatabaicak, K., M.S. Tech., Ph.D., D.Sc., Director, Dopartmtnt of Chemical Techno- 
logy, Bombay University, Matunga Road, Bombay. (1039). 

264. VBNXATBaAOBAB, B., Rao Bahadur, M.A., F.Tnst.P., Ambika Vilaa, 62 Gandhi Baser St., 
Basavangudi, Bangalore. 

266. Vkrmaw, L. C., B.S.Eng., M.S., PJi.D. (Oonioll), F.lnKl.P., Din^ctor, Indian Standarfie 
Institution, 19 University Ro^, Delhi. (1946). 

266. ViJAYABAOHAVAN, T., Ph.D. (Oxoii), ‘Krishna Vilas’, Vejwy, Madras. 

267. ViswANATH, B., D.Sc., F.R.I.C., ‘Krishna Nivas’. 8A/3r>, Wostom Extension, Pusa Road, 

New Delhi 6. 

268. Wadia, D. N., D.Sc. (Hon.), K.G.S., . F.A.S., Geological Advisor to the Atomic 

Energy Commission, Ministry of Natural Resources and Scientific Kosoarch, Government 
of India; Central Secretariat, Room No. 191-A, North Block, Now Delhi. 

269. Wkst, W. D., C.I.E., M.A., Sc.D. (Cantab.). F.A.S.. Highw^ood tkiuutry Club, Elleialie 

Lane, BexMll-on-sea, Sussex, England. 

200. Wheeler, T. S., D.Sc,, Ph.D., F.R.C.Sc.l., F.H.I.C., F.Inst.P., M.l.Chem.E,, Professor 
of Chemistry, University College of Dublin (National University of Ireland), Upper 
Merrion Street, Dublin. 

261. Yajnik, N. a., M.A„ D.Sc., A.I.C., 24 South Tukoganj, Indore. (1940). 


1 . 

2 . 


3. 


4. 

o. 


6 . 


7. 


H. 

9. 

10 . 


11 . 


a. 

4 . 


HONORARY FELLOWS 

Appleton, Sib Edward V., G.B.E., K.C.B., D.Sc., F.R.S., and Vice- 

Chancellor of the University of Edinburgh; The Old Ckdloge, South Bridge, Edinburgh 
8. (1030). 

BaH/XY. Sui B. B., Kt., D.Sc., LL.D., F.R.S., Foimerly Diiwlor-Gcncral, Geological Survey 
of Great Britain ; 10 Groonhill Gardenfl, Edinburgh. (1941). 

itT-.|rir.OT.»ir , A. F., D.Sc., Ph.D., LL.D., Direrjtor of Genetics Experiment Station, Smith 
College, Northampton, Mass., U.8.A. (1945). 

Hokb, ^lxBIl8, N.L., Director, C<menhagen Institute of Thwretical Phyeics, Blegdamsvej 16, 
Copenhagen, I^nmark. (1936). 

Brooue, Lome db, D.Sc., N.L., Professor of Tlieoretical Phy8i<'8, Poincare Institute, 
Sorbonne, Paris. (1040). 

Burn, J. H., M.D,, P.R.S., Professor of Pharmacology, Oxford Dnivorsity; South Parks 
Road. Oxford. (1947). 

CHBtsvoFHBBS, SiB RiOKABD, Kt., C.I.E., O.B.E., M.D., Brevet -Colonel, I.M.S. (retired), 
186 Huntingdon Road, Cambridge. (1940). 

Dai>b, Sm Hbnbt Hollictt, Kt., O.M., G.B.E., M.A., M.D., FIR.O.!^ Hon. D.^., Hon. 
MJJ.THon. LL.D., F.B.S., Formerly Director of the Davy -Faraday R^arcb L^ratory 
and Fullerian Professor of Chemistrj' in the Royal Institution, London ; 64 Campden 
Hill Court, Kensington, London, W. 8. (1944). 

Dbryb, P., N.L., Professor of Chemistry, Cornel) Univeisity, Ithaca, New York, V.S.A. 

• (1960). 3 „ . 

Duuo, P. A. M., F.R.S., N.L., Lucasian Professor of Mathematics, Cambndge Umversity, 

Oambrid^. (1947). , 

DomtAN, F. G., F.R.S., Formerly Director, Sir William Ramsay L^ratoy, Unrv^ty 
College, I/mdon j Boseneath, Hartlip, near Sittingboume, Kent, England. (l»40). 

Eimskbxh. AZ.BBBT, N.L., Institute for Advanced Study, Princeton University, 112 Mercer 
Street, New Jersey, U.S,A. (1938). «u 1 . 1 . i— 

Evubb, Haks vok, N.L., Professor of Chemistry, Stockholm University, Stockholm, 

* Sweden. (1949). ^ 

Fnmm, R. A., So.D., F.B.S., Pn^esaor of Geoetios, Cambridge University » Whittuigmams 
Lodge, 44 Storey’s Way, Cambridge. . (1039). 
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15. Hill, A. V^, C.H., O.B.E., Sc.D., F.R.B., N.L. Foulcrton Research Professor, Biophysics 
Research Unit, University Ck>llege, Gower Street, London, W.C. 1. (1944). 

10, Laus, Mi VON, N.L., Professor of Theoretical Physics, Berlin University, Berlin, Germany. 
(1950). 

17. Lawbnnon, B. O., Radiation Laboratory, California University, Berkeley, U.S.A. (1941). 
IS. Mabshall, Sib Guy A. K., K.C.M.G., D.Sc., F.R.8., Formerly Director, Imperial Institute 
of Entomology, London; 81 Melton Court, London, 8.W, 7. (1936). 

19. Millikan, R. A., Emeritus Professor of Physics, California Institute of Technology, 

Pasadena, U.S.A. (1945). 

20. Nioolx, P., Prof€»880r of Mineralogy and Petrology, Federal Poly technical University and 

University of Zurich, Zurich. (1946). 

21. Robinson, Sib Robkbt, D.Sc., F.R.S., N.L., Waynflete Professor of Organic Chemistry in 

the Dyson Perrins Laboratory, Oxford University, Oxford, England. (1937). 

22. Rijssbll, Bib E. John, D.8c., F.H.S., Formerly Director, Rothamsted Agricultural 

Experimental Station; Campsfield Wood, Woodstock, Oxfordshire, England. (1938). 

23. SoHudniNOKB, Ervin, N.L., Professor of Theoretical Physics, Institute of Advanced 

Studios in Theoretical Physics, Dublin, Eire. (1950). 

24. SaAPLay, Hablow, M.A., Ph.D., LL.D., D.8c., D.Litt., Director of Harvard University 

Observatory and President, American Science Association, Cambridge, Mass., U.S.A. 
(1949). 

25. Shkrbinoton, Sib Ohabueds S., O.M., Q.B.E., F.R.S., N.L., Foimerly Waynflete Professor 

of Physiology in the University of Oxford; 12 Grassington Road, Eastbourne, Sussex, 
England. (1936). 

26. SiaoBAHN, M., N.L., Professor of Physics, University of Uppsala, Sweden. (1960). 

27. SzaNT-Gy^BOYi, A., N.L., Professor of Biochemistry, Marine Biological Laboratory, Woods- 

hole, Mass., U.S.A. (1947). 

28. Tisohlbb, Georo, Professor, Botanical Institute, University of Kiel, Berlin. (1949). 

29. Urey, Harold 0., N.L., Professor of Chemistry, Institute of Nuclear Studies, University 

of Chicago, Chicago 37, Illinois, U.S.A. (1947). 


CLASSIFIED LIST OF ORDINARY FELLOWS ACCORDING TO SUBJECTS 
(Figures represent serial numbers in the List of Fellows above.) 

Mathematics . — 

6, 16, 24, 31, 36, 43, 47, 56, 83, 88, 91, 97, 104, 106, 119, 132, 135, 136, 168, 161, 171, 173 
179. 184, 212, 219, 223, 229, 240. 242, 251, 256. 


Physics , — 

8, 10, 15, 18, 22, 25. 28, 38, 40, 44, 59, 64, 72, 86, 90, 99, 115, 117, 120, 122, 125, 137, 141, 
148, 157, 166, 172, 187, 188, 190, 198, 201, 210, 21.3, 217, 232, 233, 239, 243, 244, 246, 254, 255. 

Vhemistry . — 

.3, 19, 20, 23, 32, 42, 48, 54, 67, 68, 69, 71, 73, 77, 79, 82, 84, 87, 94, 96, 110, 121, 126, 149, 
150, 166, 160, 162, 180, 183, 196, 205, 206, 207, 215, 216, 222, 224, 227, 230, 237. 238, 241. 263, 
260, 261. 


Engineering Sciences , — 

7, 41, 81, 116, 131, 142, 144, 163, 169, 186. 


Geology , — 

1, 9, 49, 57, 68, 75, 76, 80, 85, 101, 107, 124, 134, 163, 177, 178, 19.5, 199, 202, 211, 214, 235. 
260, 268, 259. 


Botany , — 

2, 6, 12, 17, 27, 29. 30. 35, 37, 46. 55, 62. 63, 105, 109, 111, 112, 127, 133, 138, 140, 143, 156, 
167, 174, 175, 189, 191, 192, 193, 194, 218, 231, 249, 262, 267. 

Zoology {including Anthrop(dogy ), — 

4, 11, 14, 26, 33, 34, 60, 52, 60, 74, 89, 92, 96, 102, 103, 108, 113, 128, 130, 139, 151, 162, 
164, 181, 182, 185, 197, 203, 208, 225, 226, 228. 

Physiology , — 

18, 21, 39, 46, 51, 53, 61, 65, 66, 7U, 78, 93, 98, 100, 114, 118, 123, 129, 146, 146. 147, 154. 
159, 168, 170, 176, 200, 204, 209, 220, 221, 234, 236, 245, 247, 248. 

4B 
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APPENDIX II. 

COMMITTEES. 

SECTIONAL COMMITTEES, 1951. 


(1) ‘IMtethematics* Coinmitt-ee for Mathematics, Astronomy and Geodesy:— 


Prof. N . R. Sen (Secretary and Convener) 
Dr. P. V. Sukhatme . . 

Prof. P. C. Mahalanobis 
Dr. P. L. Srivastava , . 

Prof. A. C. Banerji 
Dr. B. N. Prasad 


To serve until 
Dec, 31 

. . 1051 

1951 

1052 

1952 

1053 
.. 1953 


(2) 'Physics* Committee for Physics and Meteorology: — 


Prof. S. K. Mitra . . . . lO/jj 

Dr. S. K. Banerji (Secretary and Convener) . . 1951 

Dr. D. M.Boae ‘ 1952 

Prof. D. S. Kothari 1952 

Prof. R. C. Majumdar . . . . , . 1953 

Dr. B. N. Srivastava .. .. .. ,, 1953 


(3) ‘Chemistry* Committee for Pure and Applied Chemistry: — 


Dr. S. Kristuia 



. . 1951 

Prof. B. B. Dey (Secretary and Convener) 


, . 

.. 1951 

Dr. S. S. Bhatnagar . . 

, , 


. . 1952 

Dr. J. C. Ghosh 


, , 

1952 

Dr, J, N. Mukherjee . . 



. . 1958 

Dr. Mata Prasad 

. . 

. . 

. . 1958 


(4) ‘Engineering Sciences’ Committee for Engineering, Motallurg.y, Electrotechnics and 
kindred subjects : — 


Dr. H. K. Mitra . . . , . . 1951 

Dr. A. H. Pandy a (Secretary and Convener). . 1951 

Prof. P. C. Mahanti . . 1952 

Mr. F. N. Mowdawalla 1952 

Dr. D. P. Antia 1958 

Dr. V. M. Ghatage 1958 


(6) ‘ Geology ’ Committee fdr Geology, Palaeontology, Mineralogy and Geography ; — 

Dr. D. N. Wadia (Secretary and Convener) .. .. .. 1951 

Dr. P.K. Ghosh .. 1951 

Dr. M. S. Krishnan .. .. 1062 

Prof. Raj Nath .. .. 1052 

Dr. J. B. Auden . . 1053 

Dr.M. R. Sahni .. 1963 


(6) ‘Botany’ Committee for Pure and Applied Botany, Forestry and Agronomy: — 


Prof. P. Maheshwari . . 

Dr. P. Parija (Secretary and Convener) 
Prof. G. P. Majumdar 
Dr. B. P. Pal 

Prof. S. P. Agharkar . . • * « 

Prof. S. R. Btose 


1951 

1951 
1052 

1952 

1953 
1958 
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(7) ‘ Zoology* Coinmitt«« for Puro and Applied Zoology and Anthropology imdading 

Ethnology: — . 

To serve until 
Dec. 31 


Vrof, K. X. Bahl • 1951 

Dr. D. N. Majumdar . . 1961 

Prof. Viahwa Nath . . • • 196e 

Dr. H. S. Pruthi (Secretary and Convenor) . . 1962 

Dr. J. L. Bhaduri • 5963 

Prof. H. K, Mehra 1958 


(H) ‘Physiology’ Oonunitteo for Animal Physiology . Pathology, Bacteriology, Psychology 
and other Medical end Veterinary subjeetsl — 


Dr. B. Narayana 1961 

Dr. M. V. lUdliakriHhfia Kao - . 1961 

Dr. V. K. Khanolkar 1961 

Prof. K. N. Bagchi (Sccretarv and C‘onv<‘ii«^r) 1962 

Dr. B. B. Dikaliit 1962 

Prof. J. M. Sen 1962 

Dr. R. N. Chaudliuri 1953 

Major S, C. A. Datta 1963 

Dr. A.C. Ukil .. .1963 


FINANCE COMMITTEE, 1951 


The Presidc'nt . 

Tlio Tr6a8iu*or. 

'Phe three SocretaricH. 


Dr. S. K. Banerji. 

Prof. P. Malialanobis. 
Dr. D. N. Wadia. 


(;rants committee 

Office-bearers and Conveners of All Sectional Conmutte«»s. 


RESEARCH FELLOWSHIPS COMMITTEE, 1951 


The President 
The Treasurer 
The three Secretaries 
Dr. P. L. Srivastava 
Prof. S, K. Banerji 
Prof. S. K. Mitra 
Dr. S. C. Roy 
Prof. B. B. X>oy 
Prof. N. R. Dhai 
Prof. P. B. Sarkar 
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1 


sic*officw. 
Mathemat i<*eH 
Physics 


Chemistry 


Dr. M, S. Krishnan 
Dr. P. Maheshwari 
Dr. B. P. Pal 
Dr. D. R. Bhattaoharya 
Prof. H. R. Mehra 
Dr. B. Mukerji 
Prof. J. M, Sen 
Dr. A.C. Ukil ' 


Oeology 

{ Botany 

Zoology 
\ Physiology 


Mathematics 

Physics 

chemistry 

Geology 


EDITORIAL BOARD. 1951 


Editor of Publications 

Prof. N. R. Sen. 

Prof, S. K. Mitra. 
Prof. B. B. Dey. 

Dr. M. S. KrislinHii. 


. . Prof. J. M. Sen. 

Botany 

Zoology 

Anthropology 

Pbywology 


Prof. A. C. Joshi. 
Prof. K. N. Bahl. 
Dr. B. S. Quha. 
Prof. K. N. Bagohi 



AKKUAX* RIFORT. 


6$ 


LIBRARY COMMITTEE. 1951. 

The President 

The Treasurer C w^officio. 

The three Soeret-aries j 

and Members of Council resident in Delhi. 


STANDING COMMITTEE FOR ORGANIZATION OP SYMPOSIA. 

The President • Prof. H . J . Bhabha 

The Treasurer Prof. P. C. Mahalanobis 

The three Secretaries Dr. A. (\ Ukil (Convener). 


COMMITTEE (WITH POWERS TO CONSULT EXPERTS) TO SUGGEST 
A PROPER EMBLEM (CREST) FOR THE INSTITUTE AND TO 
RECOMMEND A SUITABLE DESIGN FOR THE CHANDRA* 

KALA HORA MEMORIAL MEDAL. 

{AppoifiUd January 1948 ^ 

The President Prof. H. J. Bhabha. 

The Treasurer s ex-officio. Dr. S. L. Hora (Convener). 

The Secretaries ) Dr. T. N. Mukherjee. 

Major-General S. S, Sokhey. 

The Committee was requested to consult, among others, the following: — 

Dr. Simiti Kumar Cliatterji. Nawab Zain Yar Jung. 


PUBLICATION ADVISORY BOARD. 

Editor of Publioations (Convener) 
and Membt^rs of Council resident in Calcutta. 


COM.MITTEE TO FORMULATE A SCHEME FOR FORMATION OF NATIONAL 
aOMMITTl’EES IN DIFFERENT BRANCHES OF SCIENCE. 


{AppiAnt4»i January 1949,) 


Prof. S. P. Agharkar. 
Prof. A. C. Banerji. 
Prof. D. S. Kothari. 


Dr. .1. N. Mukherjee (Convener). 

Prof. J, M. Sen. 

Representatives of Scientifie Societies ooneemed. 


• BIOLOGICAL BOARD. 

Members of Sectional Committees for Botany, Zoology and Physiology. 
Such members of Council as are biologists (including physiobgists). 

Dr. H. S. Pruthi (Convener). 


COMMITTEE APPOINTED TO CONSIDER THE SCHEME FOR THE ESTABLISH- 
MENT OF NATIONAL ENTOMOLOGICAL LABORATORY AND SCHEMES IN 
OTHER SUBJECTS WHICH NEEDED ATTENTION. 

Or. S. L. Hora, President (Convener). Prof. P. C. Mahalanobis. 

Prof. S. P. Agharkar. Dr, J. N. Mukherjee. 

• Dr. H. J. Bhabha. Prof. M. N. Saha. 

Prof. A. C. Josbi. Dr. H. B. Pruthi, (Secretary). 
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APPENDIX III. 

IMPORTANT RESOLUTIONS OF THE COUNCIL, 

4f J9»50. 

Rbbolybd to a(?rept the rocommendation to set up a Biological Board of which the functioiiB 
iihall bo : — 

( 1 ) To prepar© and coiisider Bohemes for the development of biological sciences in India 

in all aspects, pure and applied. 

(2) To advise the Council on all biological matters referred to j:h© Institute by tlie Govern- 

ment of India, State Governments and other organizations. 

Tina Board is to be composed of: — 

(a) Members of the Sectional Committees for Botany, Zoology and Physiologj^ of the 

National Institute of Sciences of India. 

(b) Such members of the Council of tlie National Institute of Sciences of India as are 

biologists (including physiologists). 

(c) The Board shall have power to co-opt any specialists, not necessarily Fellows of the 

Institute for spoc ide purposes. 

(d) The ooAvoner of the Board shall be apix)inted by the Council of the National Institute 

of Sciences of India every year at its meeting in October. 

Kksolvbd tlkat tlie Government of India be advised to press for the appointment from Indie 
of corresponding memb©i*a on the Commission of Ports of the International Geogi’aphieal Union. 

KuBOLyuL) that the Government of India be advised to get prepared a National Bibliography 
on Hydrology for tho years 1938 to 1949 and to entrust the work to the (’eiitrnl Board of Irrigation. 

October 6, 1960, 

RBSonyiCD that a Steering Committee of three members be appointed for each symposium 
who will scrutinize and edit papers intended for publication in a separate issue of the Proceedings 
which will be called the ‘Symposium Number*. 

Januartf 1, 1961, 

RKaoLYBD to forward the following remarks to the Government of India : — 

‘The Govommont of India may be requested to take steps from now for sending 
delegates to the General Assembly of the International Radio Scientific Union. No 
delegates are being sent to tho General Assemblies of the U.R.S.I. with the result that 
India is going unrepresented in the Vice-Presidentships and the Presidentships of 
Commissions. * 


APPENDIX IV. 

LIST OF PERIODICALS RECEIVED IN 1950*51. 

ASIA. 

India — 

1 . Annals of Biochemistry and Experimental Medicine. 

2. Annual Report of Bose Research Institute. 

3. Annual Report of the Imperial Veterinary Research Institute 

4. Annual Report of the Inaian Central Cotton Committee. 

6, Annual Report of Indian Lao Research Institute. 

6« Annual Report of Indian Standards Institution. ' 

7, Annual Return of Statistics relating to Forest Administration in British India for the 

3 reai 1940-41. 

8, Bulletin of the Calcutta Mathematical Society. 

9, Bulletin of the National Geographical Society. 

10. Bulletin of the Indian Standards Institution. 

1 1 . Calcutta Geographical Review . 

12. Calcutta Statistical Association Bulletin. 

13. Current Science. 

14. Defeaoe Science Journal. 

15. Eastern Anthropologist. 

16. Forest Research in India. 

17. Immunity Bulletin. 
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18, • InSdiau Cotton Growing Review, 

Indian Dairyman. 

20. Indian Farming. 

21 . Indian Forest Bulletin. 

22. Indian Forester. 

23. Indian Forest Records. 

24. Indian Journal of Agricultural Science. 

25. Indian Joiimal of Dairy Science. 

20. • Indian Journal of Genetics and Plant Breeding. 

27. Indian Journal of Medical Research. 

28. Indian Journal of Pharmacy. 

29. Indian Journal of Phy^iics, 

• 30 . Indian Standards. 

31. Indian Journal of Veterinary S^'ienco and Animal Huabaudry. 

32. Indian Medical Gazette. 

33. Indian Minerals. 

34. Industrial and NTowa Section of the Indian Chemical Society. 

35. Journal of the Indian Chemical Society. 

36. Journal of the Indian Mathematical Society. 

37. Journal of Indian Society of Agricultural Statint ica. 

38. Journal of Scientific and Industrial Research. 

39. Kheti. 

40. Mathematics Student. 

41 . Memoirs of the Indian Meteorological Department. 

42. Mysore Geological Department Records. 

43. Physics Quarterly. 

44. Proceedings of the Indian Academy of Science, Sections A and B. 

45. Proceedings of the National Academy of Sciences, Sections A and B. 

46. Proceedings of the Society of Biological diemists. 

47. Proceedings of the Zoological Society of Bengal. 

48. Progress Report of the Institute of Plant Indus! ry. 

49. Quarterly Journal of the Geological, Mining and Metallurgical Society of India. 
60. Report of the Botanical Survey of India, 

51. Report of the Hafikine Institute, 

52. Report of the Institute of Preventive Medicine. 

63. Science and Culture. 

64. Scientific Notes of the India Meteorological Department. 

55. Soismological Bulletin of the Meteorological Department. 

66. Teclinologicel Bulletin of the Indian Central Cotton Committee, 

57. Technical Reports of the Survey of India. 

58. Transactions of the Indian Institute of Metals. 

59. Transactions of the Mining, Geological and Metallurgical Institute of India. 

60. Vijnaii Karmee. 

Chines 

1. Botanical Bulletin of Academia Sinica. 

2. Chinese Journal of Experimental Biology. 

3. Cftiinese Journal of Physics. 

4. Journal of Chinese Chemical Society. 

6. Journal of Chinese Gsoph3nBical Society. 

6. Science Record. 

7. Sinesia. 

• 

Indtmtuia — 

• 

1. Annales Bogoriensis (formerly Ann, Bol. Garden, Buitenzorg), 

2. Reinwardtia (formerly BuU, Jard, B<H, Garden). 

3. O.S.R. Bulletin. 

4. „ News. 

6. ,, Publications. 

6. Sarawak Museum Journal. 


Japqn — 

1. Abstracts fW>m Kagakukenkyujo, Hokoku, Tokyo. 

2. Collected papers from the Faculty of Science, Osaka University, 

3. Insecta Matsumurana, Slapporo. 
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4. Journal of JapcLnose Botany. 

fi. Jotmial of the Scientific Ilc«f^arch Institute, Tokyo. 

fi. Memoirs of the Faculty of Engineering, Kyushu University. 

7. MomoirH of the Faculty of Engineering, Xagoya University. 

8. Nagoya Mathematical Journal. 

9. Osaka Mathematical Journal. 

10. Progress of Theoretical Physics. 

11. Tensor. 


PhiUppines — 

Philippine Journal of S<*ience, Manila. 


AusirnUia — 


AUSTBALARTA. 


1. .fournal and Proceedings of the Royal Society of Ne\y South Wales, 

2. Papers and Proceedings of the Royal Society of Tasmania. 

3. Report of the Department of Mines, Western Australia. 


New Zealand — 

1. Bulletin of the Auckland Institute and Museum. 

2. The New Zealand Journal of Science and Technology, Sections A and B 

3. Transactions and Proceedings of the Royal Society of N. Zealand. 

4 . Records of the Auckland Institute and Museum. 


AFRICA. 

tin ion of South Afrwa — 

1. Annals of the South African Museum. 

2. Circulars of Union Observatory, Union of 8. Africa . 

3. Transactions of the Royal Society of South Africa. 

Sudan — 

Sudan Notes and Records. 


Cant^a — 


NORTH AMERICA. 


1. Contributions of Dominion Observatory, Ottawa, Canada. 

2. Proceedings of the Nova Scotia Tnatituto of Science, Halifax, N.S. 

3. Proceedings of the Royal Canadian Institute, Toronto. 

4. Proceedini^ of the Royal Canadian Tnstitiito, Series TIIA. 

5. Publications of Dominion Observatory, Ottawa. 

0. Transactions of the Royal Society of Canado, Ottawa. 


United States — 

1. American Journal of Physics. 

2. Annals of Harvard College Observatory, 

3. Annals of the Missouri Botanical Garden. 

4. Annals of New York Academy of Sciences, New York. 

5. Annual Report of the Harvard College Astronomical Observatory. 

6. Annual Report of the Director, Purdue University, Liafayotte. 

7. Annual Report of the Rockefeller Foundation, Now York. 

8. Annual Report of the Rockefeller Foundation (International Health Division) 

9. Biological Abstracts. 

10. Biological Bulletin (Marine Biological La.boratory, Woods Hole). 

11. Bulletin of the American Museum of Natural History, New York. 

12. Bulletin of the Atomic Scientists. 

IS. Bulletin of California Agricultural Experiment Station, Berkeley. 

14. Bulletin of Cornell University Agricultural Experiment Station. 

15. Bulletin of Harvard College Astronomical Observatory. 

16. Bulletin of the Geological Survey, TT,S. Department of the Interioi*. 
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17,* BuUotin of the Tropical Plant Research Foundation, Washington. 

MS. Bulletin of the United Stat^ National Museum, Smithsonian Institution. * 

19. Bulletin of Scripps Institution of Oceanography. University of California, Berkeiev. 

20. Chemical Abstracts. 

21 . Chemical Reviews. 

22. Circulars of the California Agricultural Exleitsion Service. 

23. Circulars of the California A^cultural Experiment Station. 

24. Circulars of Harvard College, Obser\'atory . 

25* Circulars of Purdue University, Agricultural Experiment Station. 

26. Coxitributions from the U. S. National Herbarium (United States National Museum). . 

27. F,A.O. Bulletins. 

28. Fieldiana — Geology (Chicago Natural History Museum). 

29. Fieldiana-— Geology (Memoirs), (Chicago Natural History Museum). 

30. Harvard Reprints (Harvard College Observatory). 

31. Harvard Reprints, Series TI (Harvard College Observatory). 

32. Hilgardia. 

33. Information Bulletin of the Inter-American Institute of Agi icultural Sciences. 

34. Journal of Chemical Physics. 

35. Journal of the Elisha Mitchell Scientific Society, University of Carolina. 

36. Journal of the Franklin Institute. 

37. Journal of the Optical Society of America. 

38. Journal of Physical and Colloid Chemistry, Baltimort\ 

39. Journal of Research (National Bureau of Standards) . 

40. Journal of Washington Academy of Sciences. 

41. Mathematics Magazine. 

42. Mathematics Review (American Mathematical Society). 

43. Mathematics Teacher. 

44. Memoirs of Cornell University AgricuUural Experiment Station. 

45. Memoirs of San Diego Society of Natural History. 

46. Novitates of American Museum of Natural History. 

47. Nucleonics. 

48. Nuclear Science Abstracts. 

49. Nursery Notes (Department of Horticulture, Ohio State University). 

50. Occasional Papers of the California Academy of Sciences. 

51. Technical News Bulletin (National Bureau of Standards). 

62. Physical Review, 

53. Proceedings of the California Academy of Sciences. 

54. Proceedings of the Louisiana Academy of Sciences. 

55. Proceedings of the National Academy of Sciences of the U.S.A., Waslungton. 

56. Proceedings of U.S, National Museum, Smithsonian Institution. 

57. Proceedings (Reprints) of U.S. National Museum, Smithsonian Institution. 

58. Proceedings of the Utah Academy of Sciences, Arts and Letters. 

59. Professional Pi^rs of the Geological Survey U.S. Dept, of the Interior. 

60. Public Health Reports. 

61. Public Health Reports (Supplements). 

62. Publications in Botany, University of Califomia. 

63. Quarterly of Applied Ifothematics, Brown University. 

64. Quarterly Progress Reports, Research Laboratory of Electronics (M.I.T.). 

65. Records of Observations (University of Califomia Oceanographic Observations on the 

B.W. * Scripps’ Cruises). 

66. Tropical Oontributiipns of the Tropical Plant Research Foundation. 

67. ^iencer 

68. Scripta Mathematioa, New York. 

69. St|ttion Bulletin, Purdue University. 

70. Technical Reports of Research Laboratory of ElectroiiicR (M.T.T.). 

71 . Transactions of San Diego Society of Natural History. 

72. Transactions of the American Mathematical Society. 

73. Transactions of the Connecticut Academy of Arts and Sciences. 

74. University of Colorado Studies; Series in Anthropology. 

75. 'Zoologica (Scientific Contributions of New York Zoological Society). 

SOUTH AMERICA. 

1. Anales de la Academia Nacional de Giencias Exactas, Fisicas y Natures de Buenos Aires. 
2^ Anales de la Academia de Ciencias Medicas, Fisicas y Naturales de la Habana . 

3. Memoriae e Estudos do Museu Zoologico da Universidade de Coimbra. 

4. Memorias y Revista de la Acjademia N^onal de Ciencias, Mexico. , , , - j 

5. Publicacoes do Institute de Botanica T>r. Goncalo Sampaio’ da Faculdade de Ciencias de 

Universidade do Porto. 
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0. Bevista Cubana de Laboraiorio Clinioo. 

7. Trabalhos do Instituto do Botanical *Dr. Oonoalo Sampaio* Faculdade de Cienciaa da 
Universidade do Porto. 

Trinidad — British West Indies 

Tropical Agriculture (Imperial College of Agriculture). 

Honolulu — Hawaii 

1. Pacific Science (The Univercity of Hawaii). 

2. Bulletin of Bernice P. Biehop Mueeuni. 


Austria — 


EUROPE. 


1. Sitzungeberichte. Wien. Abteilung 1. 

2. Verhandhingon dor Oeologiflcben BudcRanfitalt, Wien. 

3. Zentrelftnetalt fur Meteorologio unde Geodynamik, Wien. 


Belgium — 

1 . Bulletin dii Muaco Royal d Hiatoire Naturelle de Bclgiqtio, BnixelloB. 

2. Union Radio Scientifiquo Internal ionale, Bnixollea. 


Bulgaria — 

Oomptoa Rendua tie V Academic Bulgares dea Sciences. (Mathematiquea). Sofia. 


( 'teehoslovakia — 

1 . Acta Faoultatis Rerum Naturalium Univeraitat ia Carol inao, Praha. 

2. Memoira do la Societaa Royale dee Lettera et dcs ScienccB de Bohemc, Prague. Claaa des 

Sciences. 

3. Publicationa de la Faoulte dea Sciences de 1’ Universite — ^Masaryk, Bmo. 

Denmark — 

1. Dot Kgl. Danake Videnskabemea Selskab; Biological Scriften. 

2. Det Kgl. Danake Videnskabemea Selskab; Biological Meddelelser. 

3. Det Kgl. Danske Videnskabemes Selskab; Matematiake Fyaiske Meddelelser. 

4. Matematisk Tiddskrift, Copenhagen. 

Finland — 

1 . Aota Botanica Fennica, Helsingfors. 

2. Acta Zoologica Fennica, Helsix^ors. 

3. Memoranda Societatis pro Fauna et Flora Fennica, Helsingfors. 

4. Buomalaisen Tiedeakatemain Toimituksia Annales Academiae Scientiarum Fennicae, 

Helsinki. Series A. Mathematica— Physica. 

** i 

Fro>nce>~— 

1. Archives Internationales d* Histoire des Sciences* Houvelle Series d* Aroheion* Paris, * 

2. Bulletin de la Societe Mathematique de France* Paris. 

3. (iJomtos Bendus hebdomadaires des Seances de 1* Academie des Sciencea, Paris, 

4. La Nature* Paris. 

5. U.N.E.S.C.O., Paris; Bulletin for Libraries. 

6. U.N.E.S.C.O. , Paris ; Courier. 

7. U.N.E.S.C.O., Paris; Official Bulletin. 


Germany — 

1 . Fiat Beview of Qermaxi Science, Wiesbaden. 

2. Sohriften des Naturwisaenschaftlichen Vereins fur Schleswig Holstein^ Kiel 
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Or€<U Britain — 

1, Aiinala of Tropical Medicine and Parasitology, Liverpool School of Tropical Medicine. 

2, Annual Beport of Briti^ Non-Ferrous Metals Beseareh Association* 

3. Annual Beport of the Fresh Water Biological Association of the British Fmpire, 

4. Atomic Scientists News. 

6. British Science News. 

6. Bulletin of the Britisli Non-Ferrous Metals Beseareh Associaf i<*n. 

7^ Discovery. 

8. Endeavour^ 

9. Fuel. 

10. Geophysical Memoir^ of Meteorological Offi<‘e, T-ondon. 

1 1 . Journal of the Institute of Fuel. 

12. Journal of the Boyal Artillery. 

13. Journal of the Textile Institute Manchester — Proceedings and Transactions. 

14. Memoirs and Proceedings of the Manchester Literary and Philosophical Society. 

16. Nature. 

16. Philosophical Transactions of the Boyal Society of London, Series A and B. 

1 7. Physics Abstracts (Section A of Science Abstracts). 

18. Plant Breeding Abstracts. 

19. Proceedings of the Boyal Society of Edinburgh Sections A and B. 

20. Proceedings of the Boyal Society of London, Series A and B. 

21. Reports of the Department of Scientific and Industrial Beseareh of Great Britain. 

22. Beport of the Numeld Fotmdaiion. 

23. Report of Bothamstead Experimental Station. 

24. Research. 

26. Science Library Bibliographical Series of Science Museum, South Kensington. 

26. Science Museum Library; Monthly List of Accessions to the Library, 

27. Science Progress. 

28. Today. 

29. Transactions and Proceedings of the Botanical Society of Edinburgh. 

30. Universities Quarterly. 


Ireland — 

Proceedings of the Boyal Irish Academy, Dublin, Sections A and B. 


Hungary — 

1. Hungarica Acta Ph 3 r 8 iologica (Academia Scientianim Himgaricae, Budapest). 

2. Termeszet es Technika, Budapest. 

Italy — 

1. Atti della Societe Italiana di Scienze Natural! e del Museo Civico di Storia Naturale in 

Milano, Milan. 

2. Pubblicazioni della Stazione Zoologies di Napoli. 

Netherlande — 

1 . Jaarboek der Bijksdniversiteit te Leiden, Leiden. 

2. Proceedings of the Kbninklijke Nederlendse Academie. 

Norway— 

Bergens Museums Arbok, Bergen. 

Poland — 

1. Bulletin Internationale de 1* Academie Polonaise deg Sciences et des Letters, Cracovle. 

2. Comptes Bendus Mensuels des Seances de V classe des Sciences Mathematiques et 

Naturalles^ Cracovie. 

3. Fundaments Mathematicae, Warsaw. 


Rotimania— 

« 

Bulletin de V Eoole Polytechnique de Jassy, Jassy. 
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Sweden — 

« 

1. BuUoiin Menauel de V ObBervaioire Meteorologie de V Univenitite d* Uppaala. 

2/ Bulletin of the Geolojgcai Inatitution of the University of Uppsala. 

3. (Tlialmers Tekniaka fiogakolaa Handlingar (Transactions of the Chalmers University of 

Technology, Qotheburg), 

4. K. Lantabru^ Homkolana Annaler, Uppsala. 

5. K. Svenska Vetenwpsakadamiena, Stockholm; Arkiv for Kami, Mineralogie och Geologic.* 
<1. K. Svenska Vetenskapeakadamiena, Stockholm; Arkiv for Matematik, Astronomi pdi 

Fysik. 

7. K. Svenska Vetenakapsakadamiena Handlingar, Fjarde Serien. 

H. K. Svenska Vetenskapsakadamiena Handlingar, Tredje Serien. 

Lunds Universiteta Arsskrift, New Series. 

SwUterUmd — 

I. AiTliives dos SoionocH (Sooieto de Physique et d’ Hiatoire Naturalle de Geneve). 

2. Verliandlungen der Naturforsohenden Qeselleschaft in Basel 

3. Verhandlungen dor Schwoizerischen Naturforsohenden Geselleachaft , Bern. 

4. Vierteljahrsachrift der Naturforsohenden Geselleechaft in Zurich. 

(TidM tran^aud into EnglUh.) 

1 . Astronomioal Journal of the Academy of Soienoes of the U.8.S.K. 

2. Bioohemiativ Journal of the Academy of Soiences of the U.S.S.B . 

3. Modem Biological Successes. 

4. Bulletin of the Academy of SfJiencos of U.S.S.R., Series Biologique. 

5. Bulletin of tho Academy of Sciences of U.S.S.R., Series Economics and I-iSW. 

6. Bulletin of tho Academy of Sciences of U.S.S.B,, Series History and Philosophy. 

7. BuDotin of the Academy of Sciences of U.S.S.R., Series Literature and Linguistics. 

8. Bulletin of the Academy of Sciences of U.S.S.B., Series Mathematics. 

9. Doklady (Ck>mptes Bendus of the Academy of Soiences of the U.S.S.B.). 

10. Journal of the Crimean Astrophysical Observatory. 

1 1 . Journal of General Biology. 

12. J oumal of General Physiology. 

13. Mathematical Collections. 

14. Memoirs of the Academy of Soiences of U.S.S.B. 

16. Memoirs ( Bestnik) of Ancient History. 

10. Micmbiology. 

17. Nature. 

18. Soviet State and Law. 

1 9 . Zoological Journa I . 
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APPENDIX 
THE NATIONAL INSTITUTE 
Receipia and Paytneyiis Account 


Kkobipts. 


To Opening Balance as on Ut April, 1960: — 

4% Loan 1960-70 face value Rs, 17,000 

3% Conversion 1946 face value Rr. 29,600 
Imperial Bank of livdia Current Account . . 

Imperial Bank of India Savings Bank Account 
Imperial Bank of India Fixed Deposit Account 
Imperial Bank of India Employees Provident Savings 
Bank Account . . 

Casli in hand 
Postage stamps in hand 


Ks. A. JP. 


47,189 3 10 
2,48,882 3 11 
9,868 14 8 

60,000 0 0 

3,731 0 0 
253 14 9 
46 4 6 


To Grant from Government of lndi<i 
,, Grant from other sources 

(a) Calcutta University 

(b) Oamania Univereity 


600 0 0 
600 0 0 


,, 1.0. 1. Grant for Stipend Research Fellowships 
,, I.C.I. Grant for Contingencies Fellowships 
,, Admission Fee 

,, Compounding Fee for Life Membership 

,, Membership Subscription 

,, Interest on Investments 

,, Sale of Proceedings 

,, Miscellaneous Receipts 

, , Indian Science Abstract ITund 

,, Advance Calcutta Office Staff (Gross) 

,, Advance Calcutta Office (Gross) 

„ Advance Delhi Office Staff (Gross) 

,, Provident Fund Employees 
,, Income Tax Research Fellowships 
,, Suspense Account . . 


Rs. A. F. 


3.59,971 9 8 

2,00,000 0 0 


1,100 0 0 
57,341 16 0 
7,167 12 0 
416 0 0 
414 0 0 
6,499 0 0 
2,384 13 0 
1,601 4 0 
9 11 0 
5,000 0 0 
75 0 0 
9,215 7 3 
685 0 0 
851 9 0 
160 14 0 
3 0 0 


Total .... 6,62,786 14 11 


Kasricbbb Qatb, 
Dblhx. 

mh June, mi 
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V.. 

bF SOIBNOES OF INDIA. 

for the year ended Slat March, 1951. 

Paymbnts. 


By*Exp6U8es Defrayed out of Goverument Grant of 
Ea.2 lao6 per contra: — 

„ Staff Salaries (inoluding Allowance and Provident 
Fund) 

„ N.I.S. il^searoh Fellowships 
,, Travelling Expenses 
,, Publications: — 

Aid to Publications of other Societies 
Institute Publications (inoluding Rs.6,000 transferred 
to Indian Science Abstract Fund per contra) 

,, Library Books and Expenses 
,, Rent of Land 


Hs. A. V. Ka. A. p. 


26J68 4 6 
1,10.567 10 0 

17,011 15 0 


15,000 0 0 

20,676 12 9 

36,075 12 9 

6,584 5 3 
4,769 1 1 0 


By I.O.I. Research Fellowships Administration Expenses 
By I.O.I. Research Fellowship Expenses : — 

(а) Stipends 

(б) Contingencies 

By Contribution to Indian Standard Institution 
,, Transfer to Co-operating Academies 
„ Printing and Stationery 
,, Rent, l^te and Taxes 
,, Advertisement 
,, Postage and Telegrams 
,, Conveyance 
,, Office Equipment . . 

„ Income Tax Office Staff 
,, Income Tax Research Fellows . . 

,, Audit Fee 
,, Bank Charges 

,, Provident Fund Contribution Employees . . 

,, Miscellaneous Expenses 
,, Advance Calcutta Office (Gross) 

,, Advance Calcutta Office Staff (Gross) 

,, Advance Delhi Office Staff (Gross) 

,, Building (cost up to 31st March, 1961) out of Govern- 
ment grant of Rs. 2,00 ,000 received in 1948-49, 
1949-60 

„ Cash and Other Balances: — 

4% Loan 1960-70 face value Rs.17,000 
3% Loan 1946 faee value . . Bs.29,600 

,, Imperial Bank of India in Current Account 
„ Imperial Bcmk of India in Savings Bank Account 
,, Imperial Bank of India in Fixed Deposit Account 
„ Iipperial Bank of India Employees Provident Fund 
livings Bank Account 
„ Cash in hfimd 
„ Postage Stamps 


2,00,367 11 3 

7.647 16 0 


56,399 8 9 

4,470 9 3 


69,870 2 0 
260 0 0 
204 0 0 
1,728 4 3 
676 6 0 
209 2 0 

1,686 1 a 

117 9 9 
899 8 0 
106 7 0 
176 7 0 
150 0 0 
166 6 0 
15 6 0 
1,088 12 6 
10,000 0 0 
60 0 0 
1,660 0 0 


94,701 5 0 


47,189 3 10 
1,68,266 13 8 
8,836 12 8 
62,000 0 0 

4,682 9 0 
130 6 9 
22 11 6 

2,71,028 9 6 


ToTAn .... 6,62,786 14 11 


Examined and found correct. 

Sd. S. Vaidyanath Aivab & Co. 

Okatiered Acc(nintanis, 
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DETAILS OF FUNDS 1950-51. 

(a) Funding Account ending Slut March, 195J, 

R«. A. P. Rg. A. P. 

52,486 (» 6 By Balaiieauaou 1-41950 .. 61,666 0 6^ 

,, Admission Foe during ' 

1960-61 .. 416 0. 0 

,, Compounding Fee 

1960-61 414 U 0 

I'oTAi, 52,486 0 6 XoTAt 52,486 0 6 


By Balance 62,486 0 6 


ih) Imperial Chemical Industries (India) Mesearch Fellow^diip. 

(Tht» (UiuiniCHi Industrioe (India) offered a sum of Rs.3,36,000 in 1946 for 

award of rosea rvh followflhips in Chemistry, Physics and Biology to persons resident 
or doiuii'iled in India to be hold at Indian Universities or institutions spread over a 
period of seven yeai's.] 


I’o expenses during the year 
,, Balance 

'roTAi. 


(i) Administration Fund. 

Hs, A. P. 

7,647 16 «> Bv Balance as on 1-4-1960 .. 

34,367 1 <) 

l’-',00r. 1 0 Total 

Hy Balance 


Rs. A. p. 
42,006 1 0 

42,006 1 0 
34,367 1 6 


/ 

/ 

/i’o Payments during the year 
' Balance 


(ii) IJJ. Research FeUmvship. 

Hs. A. p. 

59,870 2 0 By Balance as on 1-4-1960 . . 

9,102 7 9 „ amount received during 

the year . . 


Rs. A. p. 
4,462 14 0 
64,609 11 0 


I’oTAL . . (38,972 9 9 


Total . . 68,972 9 9 


By Balance 


9,102 7 9 


(c) Chandrakala Hora Memorial Medal Endoicmeni. 

[Dr. S. L. Hora and Mrs. V. Hora endowed a sum of Rs.S.OOO in 1946 in mem6ry of their 
daughter for bestowal of a medal quinquennially on the person who has made conspi- 
(^itously important oontributions to the development of fisheries in India during the 
five years preceding the year of award.] 


To Balance 


Total 


Hs. A. F. 


Ha. ' A, p. 


3,640 0 0 


3,640 0 0 


By Balanoe as on 1-4-1050 . . 3,446 0 0 

,, Interest on 3% O.P. 

Notes 16-3-1050 to 
16-3-1051 . . 00 0 0 

„ interest 1% on amount 

in Saving Account 4 0 0 


Total . . 3,640 0 0 


By Balance 


3,540 0 0 
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(^). OtatUfor National Register of Scientific and I’echnieal Personnel in India. 

[The Oounoil of Soientifio and luduairial Reaaari'h made a grant of ha, 10,0('(i for 
preparation of a National Regiater of Scientific and Technical Petaonnel in India.] 



Ra. A. p. 



A, 


To expenditure up to 1949 

6,886 0 6 

By amount received 

5»000 


0 

,, expenditure during 1950 

8,526 12 6 

,, amount during 1950 

.5.376 

0 

0 

,y Balcmoe 

462 10 0 

- 



Total 

• 

. . 10,376 0 0 

Total 

10.376 

0* 

0 



By Halanutt 

462 

10 

0 


(e) Indian Science 

Abdract Fuml, 





Ra. A. p. 


Ra. 

A. 

p. 

To BalaiK-t' 

. 20,000 0 0 

By Balance a« on 1-4-1950 .. 

lij.OIM) 

0 

0 



„ amo\mt during the year 

6,0(M) 

0 

0 

lOTAL 

20,000 0 0 

Total 

20,0<M) 

0 

0 



By Balance 

20, OW) 

0 

0 



if) Building 

Fund Accounf. 





Ks. A. F. 


Ks. 

A. 

p. 

To 0 X ^)611808 during 1948*49 

0 X p e n d i t u r e up to 

9,767 4 6 

By amount of GrarO 

. 2,20,000 

0 

0 

31-3-1961 . . 

94.701 5 0 





Balance 

1,15,631 6 6 





Total 

2,20,000 0 0 

Totaj^ 

. 2,20, (KK) 

0 

0 



By Balance 

. .1,16,531 

6 

6 

(g) 

Kmploijecs Provident Fund Ajc, 





Rs. A. P. 


Ra. 

A. 

P. 

To Balance 

4,682 9 0 

Bv Balaiico as on l-4-1961> . 

3,7.3 1 

0 

0 

t 

„ amouixt during the year 

861 

9 

0 

• 

Total 

4,682 0 0 

Total 

4,682 

9 

0 



By Balance 

4,582 

9 

0 


(A) Accountant* 8 Securit;/, 





Ra. A. p. 


Ra. 

A. 

F. 

'o General Fimd 

3 0 0 

By amount as on 1-4-1960 . 

2,00.3 

* 

0 

0 

pp Balance 

2,000 0 0 





Total 

2,008 0 0 

Totax. 

2,003 

0 

0 


Vy Balance 


2,000 0 0 
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Govoramerit Grant 


APPENDIX 

Budget Esiiwaiea for 1951^52 together witn 

I--*GOTEBinafiNT 
1950-61 , 1961-62 

Actuals Estimates 

Rs. Rs.* 

2,00,000 3,23,026 


1960-61 

Revised 

Estimates 

Rs. 

. . 2,10,170 


Total .. 2.10,170 2,00,000 3.23,026 


II — I.C.I. Rbsbakch 




Rs. 

Rs. 

Rs. 

1 . 

Stipend 

53,200 

67,342 

43,000 

2. 

Contingoncios for Rosearoh Follows 

6,100 

7,168 

6,600 

3. 

Administration 

11,000 (By 

7,648 (By 

13,200 


transfer) transfer) 

Total . . 70,300 72,168 62,700 


III — General 




Rs. 

Rs. 

RSa 

1. 

Admission Feo 

480 

416 

480 

2. 

Compounding Foe 

414 

414 

600 

3. 

Momborship SubscTiptions 

6,080 

6,499 

6,200 

4. 

CJontribution Calcutta University 

500 

600 

600 

5. 

Contribution Osmania University 

300 

600 

300 

6. 

Interest on Investments 

2,400 

2,385 

2,300 

7. 

Sale of Publications . , 

1,500 

1,501 

1,600 

8. 

Misoellaneous 

25 

13 

10 

9. 

Transfer from Science Abstracts 





Fund 

3,000 


16,000 


Total 

14,699 

12,328 

26,790 


3B 
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VI.. 


Bmaed Estimates and actuals for IQSO^dL 

expenditure, 

aSANT IN AID 

1060.51 

19 .61 

1961.62 


UovifliHi 

Ai' hIk 

Estimates 


Ent iinnt«K 
Ra. 

Ra. 

Ra. 

I . Staff i ncludiiig allowances and Provident Fund . . 

26, SIX) 

26,768 

36,400 

2. Travelling Expenses * . . 

17,200 

17,012 

17,000 

3. N.I.S. Research Fellowships 

1,20,000 

1,10,668 

1,20,000 

4. Library 

7,400 

6,684 

10,000 

5. Publications — 

(i) Institute 

19,000 

20,676 

20,000 

(ii) Other Societies . . 

16,000 

15,000 

16,000 

6. Aid to other Societies . . 

1,00,000 

7. Rent of building land . . 

V,770 

4,770 

6,626 

Total 

2,10,170 

2,00,368 

3,23,026 

Fellowship 


Ra. 

Rs. 

Ra. 

1 , Stipend 

63,200 

66,4(M) 

43,900 

2. Contiixgoncies 

6,100 

4,471 

5,600 

3. Administration 

11,000 

7,648 

13,200 

Total 

70,300 

67,619 

62,700 

Fund 


Rs. 

Rs. 

Rs. 

1 . Invest moat ActJount (Admission and Compound- 
ing Fee: Chandm^kala Hora Memorial) 

984 

924 

l,07<t 

2. Contribution Indian Standard Institution 

250 

250 

...» 

3. Transfer to Co-operating Academies 

240 

204 

240 

4, Printing and Stationery 

3,000 

1,728 

3,260 

5. Rent, !^to and Taxes . . 

1,000 

676 

800 

6, Advertisement 

460 

209 

460 

7. Postage and Telegrams 

1,500 

1,685 

1,700 

8. Conveyance 

160 

118 

160 

9. Office Equipment 

2,595 

900 

2,760 

10. Audit Fee . . 

150 

150 

160 

U. Bank Charges 

160 

166 

160 

12. Miscellaneous • . . * . • 

1,200 

1,089 

1,000 

13. Publicatidh of 

(i) Progress of Science in India (in place of 
, Indian Science Abstract) . . ' 

3,0(K) 


16,000 

(ii) Year Book 

.... 

— 


8,088 


Total 


u,e«o 


26,700 
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APPENDIX VII. 

Summaries of Research Reports of Research Fellows. 

(I) 

NATIONAL INSTITUTE OF SCIENCES SENIOR RESEARCH FELLOWSHIP. 

Annual Report. 

Name of Research Follow . . Or. A. B. Kar. 

Subjec t of Research . . Kiidocrinology with special reference to birds. 

(.luly'l, IJH7--.lune30, 1950.) 

During Uio your I9i9-1950 iho roHearch activities of Dr. A. B. Kar liave been directed 
mainly towards the .studicn on Physiology and Cytochomistrj’ of hormone action. A summary 
of tho investigations carrif^d out during this period is presented herewith : 

A . Studies in the distribution and concentration of alkaline phosphatase in the adrenal cortex of 
normal and of sex hormone treated pigeons, 

Tho dislrilnitioa and cimcontral ion of alkaline phosphatase lias boon studied cytoehemieally 
in tho adrenal cortex of normal and of sex lionnono Ivoatod pigeons. In noitnal pigeons there 
are consid(u*able quant it ios of tho en'/jino in \ hi' oortioul h 1 riiiids in the oentral region of tho gland. 
In tho peripheral oorlii iil strands, liowover, there is very little onzy mat io activity. Treatment 
with sex horinonos (2*5 mgin. of CHtradiul dipropionut(‘ or testosterone propionate intramuscu- 
larly injei'tod daily for 10 ilays) reduce the concentmtion of cortical phosphatase. However, 
tho degree of this redu<*tiou is more pronounced in the cbtrogcn-t rented birds than in those receiv- 
ing androgen. Tho [Kissible cause of this difiw*iice in action between the two hormones has 
been studied. 

Studies iti the distribution of glycogen Vn the avian ovidvet. 

The application of ‘Best carmine technique* reveals tlmt thon^ is very little glycogen in the 
inactive oviduct of juvenile pigooiuj. Progost crone treatment (01 mgm.1nti*amuscularly injected 
daily for 24 days) lias jiractically no effect on tho glycogen content of the oviduct aa revealed by 
tliis test. Dosoxyeorticosteroue acetate (0*1 mgm. intramuscularly injected daily for 24 days), 
liowuver, eaiises an increase in the glycogen content of tlie oviduct particularly in the hyper- 
plastic mu(*OHal folds, Tho physio log icfil lAle of glycogen in the oviduct has been studied. 

C\ Studies in the distribution and concentration of alkaline jjhosphatase in the ovidvet of normal 
and of steroid hormone treated pigeofis. 

Oytocheinical studios have revealed that there is very little or no alkaline phosphatase in 
the oviduct of ixormal juvenile pigeons. Tlio enzyme activity, however, is spectacularly increas^ 
in tho oviduct of birds treated with estradiol dipropionate (2^6 mgm.Snjected d^ly for 10 days). 
Testostewno propionate (2*6 mgm. daily for 10 days) or DGA (0*1 mgm. daily injected for 24 
days) treatments are less ofte<*tivo in augmenting the oviducal phosphatase activity. Unlike 
these hormones, x>**oge8terone (0*1 mgm. injected daily for 24 days) causes a total loss 6f enzyme 
activity in the duct. Tlie possible physiological rOle of tho phosphatases in the avian oviauct 
has been studied. * 

D, Studies in the distribution and concentration^ of alkaline phosphatase in the avian ovary. 

In the ovary of normal pigeons alkaline phosphatase is demonstrable in the theca, 
endothelium of the blood vossids and the stromal tissue. Androgen treatment (2*5 mgm. testo- 
sterone propionate injected daily for 10 days) or DCA (0*1 mgm. injected daily for 24 days) 
cause a heavy mobilization of tlie enzyme in the theca. Administration of progesterone (0*1 
mgm. injected daily for 10 days), however, causes a loss of phosphatase activity in the ovary. 
The marked increase in phosphatase activity in the oveurian theca of the testoid or the ooiticoid- 
treated birds is indicative of the r61e the phosphatase may play in the synthesis of estrogenic 
hormones in the ovary. 
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Stiidit* in th» duttibutwt\ and cottcetiiration of alkaline phoapHatnee in the uropygial gfand of 
normal and of androgen treated pigrone. ■ •' 

Alkalin® is present in diffuse quantities in the uropygial gland of tho pige&n. 

An^^nio treatments (2-6 mgm. testosterone propionate inje<-ltd daily for 10 days) depress iJio 
activity of the ensyme but do not abolish it. This iindiitg suggests that the holocrine lipoidal 
flyole m thu sebaceous type of gland is mediated by the phosphatase through the influence of 
sex hormone. * •- c 

Rueamh publiotuUms 

( 1 ) Studies on cytochemistry of hormone action. Pari /. Alkaline phosphatase in the 
uropygial gland of normal and of androgen treated pigeons. Part 11, llie distribution and 
concentration of alkaline phosphatase in tho ovary of normal and of androgen treate d rigeoiui. 
Proc, Nat. Ins$, Sd, India, 16 , 41-46, 1950. 

(2) Studios on cytochemistry of hormone ac tion. Part 111. Tlu.^ effect of progesterone and 
desoxycorticosteroue acetate on the distribution and concentration of alkaline phospbateae in 
tho genital system of female pigeons. Proc, Nat, Inst. Sci. India, 16 , I960, pp. 177-80, 


Name of Research Fellow . . Dr. L, S. Ramaswami. 

Subject of Research . . 'fhe anatomy and embryology of some common 

food-tislieH. 


(March I, 1950 — February 28, 1951.) 

Tiik Embryology akd Morphology of thk Foop-Fishks of Mysork. 

The embryology ajid morpliology of the food*fishes of ludja arc very inadequately known 
and even in those oases where the* embryology is worked out, the other aspect is neglected. 
Needless to say that in fishery science, tho two disciplines meiitionc'd above are very necessary. 
In order to fill this lacuna in our knowledge, I took up the study of the embrj'ology arid 
morphology of the food-fishes of India. 

The collection of literature bearing on tho subject was not an easy matter and with great 
difficulty I have been able to gather tho references nc cessery from tlio libraries at Madras, which, 
however, helped mc^ to write up my first two papers. 

During the first year of my tenure as a Fellow% I was coiiHidciably assisted by the Zoological 
Survey of India ami tho director very kindly plac ed at my disposal abundance of fish materia], 
which kept me busy. I must express my gratitude to him in this comiexion. Moreover, during 
my excursions to collecting areas like Bcdhmarigala, Hesorghatta and Markandeya tank, 1 
brought a rich collection of fish fauna wiiich has been sorted out and identified. I am happy 
to say that a now species has also been discovered. 

I studied tho morphological aspects of Oyrtnocheilvs Vaillant and PsUorhyndwts McClelland, 
the two typos of the families Gyrinochoilidae and Psilorliynrhidao. Both these genera are hill* 
stream forms and Pailorhynchvs also lives on sandy bottom. The study Ims brought out many 
interesting features, many of which are adaptations to a mountain brook-life. Particularly, 
I shoulcl like to mention that the structure of the first four Vertebrae end the Weberian ossicles 
of Gyrinockeilus resemble more those of tho Catostomidae, a group which is not all represented in 
India. My studies have fully confirmed the earlier conclusions reached by systematic studies 
that the two genera Oyrinocheilus and PsilorhyncJivs heivo to be treated as types of independent 
families, Oyrinocheilidae and Psilorhynchidae under the Cyprinoidea. My twjo papers discuMing 
the syst&natics of these two fishes are pending publication in the Proceedings of the JSatwnal 
Institute of Sciences of India, 

D#. S, L. Hora, who visited Bangalore during September 1960, scrutinised my work and 
offered valuable suggestions. He also discussed w'ith me many of my findings and their bearing 
on syatematics. . . u a- 

I am now engaged on the study of the Homalopterid fishes, another group of fish inhabiting 
torrential streams. During the course of my work,* I have noticed exceedingly interesting 
features. The skeletal anatomy has further emphasised the origin of the Homalopteridae from 
C^prinid-like ancestors, amply supporting the observations of systematists. Peculiarly, I have 
also noticed the occurrence of a small posterior portion of the gas-bladder wl^e absence was 
consider^ as a general character of the family l^malopteridae. Sufficient 
fironS tie viewpoint of skeletal anatomy in support of tazonomical observations ttot the 
pteridae shoukl be treated as a separate mmily and ^oifid not ^ mixed^ y _ 
OstionnnBonidae. As soon as the work is over, the paper will be submitted to the Pfoessawifs 
t6it pabUoation. 
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Final Report. 

Name of Research Fellow . . Mr. U. R. Burman. 

Subject of Research . . Internal constitution of stars. 

(May 17, 1949— April 16, I960.) 


. The importanco of the study of Stellar models with a discotitinuous change of chemical 
comjKiHition aeroBB the convecitivo -radiative interfaee haa previously been streserd by the present 
writer. He has recently completed the work on the problem of the determination of the chemical 
(composition of a star from a knowledge of its mass re^ius and luminosity on the basis of a convec- 
tive- radiative model with a sharp discontinuity of composition (molecular weight) across the 
interfaee. The energy generation law of Bcthe has also been made use of in these calculations. 
It has been found that just os many equations governing the stmeture of the star con be framed 
as there are \mknown quantities required for a complete specification of the chemical composition 
both inside and outside th*‘ convect i ve core. It has also been found that stabili 1 y consideration sets 
an upper limit to the size of the convective core for the conec-t model. It is, ho^vover, necessary" 
to note that the equations rcfcrird to above should not always furnish a significant solution 
compatible with all the (‘ouditioiui of the problem. In fact, the cabe of the star a-Cen A w'orked 
out by the writer leads to no admissible solution. Tliese results have b('en incoq^ioratfd in a 
paper sent for publication in the Proceedings of the Nationed Institute of Sciences of India in 
March 1950. 

The writer is now working on another problem coiueming the structure of red giant stars 
and no pronouncement regarding thc^ rt'sults con be made at this stage of the work. 


NATIONAL INSTITUTE OF SCIENCES JUNIOR RESEARCH FELLOWSHIPS. 

Annual Report. 

Name of Rosearcli Follow . , Mr. B, K. Banorjea. 

Subject of ReseanJi . . Propagation of e.m. waves in upper atmosphere. 

(October I, 1949 — September 30, 1950.) 

A connected discussion of the equations for the vertical })ropagation of e.m. waves in the 
ionosphere is given in standardised notation. It is shovm that the electric field vector compo- 
nents E» and are coupled by polarisation terms which are functions of G.M. latitude 

and height; and the propagation vectors, V and IE, equal respectively to {E +ipEg)lJT^p^, 
for two values of p, and governed by two refractive indices qoy g# and a coupling term 4; F and 
W may be identified with o- and e- waves respectively. The five quantities needed to define W'ave 
propagation completely are pj, pj, qo and g#; we have given a detailed discussion of the first 
three, and have omitted discussions about qo and qg w'hich are identical with those given by Apple - 
ton and have been discussed in detail by Booker (1935) and others. It is shown that the coupling 
term f can be neglected everywhere for E’-layer propagation ( Xcept very near the G.M, poles, 
while the A^-layer propagation is more difficult to handle. 

Name of Research Fellow . . Dr. K. Subramanyam, 

Subject of Resean h , , Embryology and floral anatomy in some members 

of Melastomaceae and embryology of Ix)b6liaeeae, 
Campanulaceae and Stylediaceae and the 
interrelationship of these families. 

(July 2, 1949~^Tuly 1,1960.) 


Some observations were made on the structure of the nectary in the stamens of MemecyUm 
Hey^num, a member of the family Melastomaceae. The stamens of this family are character- 
by the presence of peculiar appendages on the connectives of anthers. These appen^ges are 
horn-^aped and bluish in colour. Each appendage bears a nectary facing the style in the bud. 
An account of the structure of the nectary and its vascular supply is described. The^ observa- 
tions are published in a note in Ctirrewf ^Science, 18, 415-416, 1949. (A reprint of this note is 
enclosed along with this. ) 
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^ t work IS on An Embryological Study of Ltvenhookia dubia Bond, in Lehm, a member 

the Stylidiaceae. The material used in this study was collected from a damp'pasture land at 
Melbourne^ South Australia^ by Mr, O, D. Evans and Mr. J. H, Willis, who very kindly passed it 
on to me for investigation. As is characteristic of Stylidiaccae, the flower of Lev^hofdcia has 
a column with a nectary at its base. In Stylidiam gtxtminifolium (Subramanyam, 1961) two 
prominent nectaries are present at the base of the column. Stalked multicellular glands aie 
present on the parts of the flower in both genera. 

The ovary is unilocular with a number of ovules borne on a free central placenta. The 
ovides in the upper region of the placenta are anatrapous but those below are hemitropous. 
This appears to bear some relation to the breadth of the looule wliich is greatest in the upper 
region but narrow towards the base. Tlie tendency tovirards a unilocular condition in members 
of this family is very significant since it points the way towards the unilocular ovary of the 
Oompositae. Another interesting feature noticed in a longitudinal section of the ovary of 
Levenhoolda dubia is the presence of a ribbed projection banging f^rom the base of the column into 
the locule of the ovary. 

The developraort and structure of the microsporangium of LevunhooJcia closely rcm^mbles 
that of Stylidium. In many anthers of tlie former the pollen gra ins were found to have germinated 
in situ as in S, graniinifolium (Subramanyam, 1961) and in some mombei's of the closely allied 
family Lobeliaceao (Kausik and Subranuinyom, 1946; Subramanyam, 1949). 

The development of the embryo sac conforms to the Polygonum tj^pe. Tlie antipodals 
persist during the early stages of endosperm developm<*nt. The lower end of the embryo sac 
grows post them as a very delicate process, penetrating into the ibalaza as in iS. gratnintjfolivm 
(Subramanyam, 1951). 

The endosperm is cellular and the course of divisions closely resembles that in Stylidium 
(Ros^n, 1935, 1949; Subramanyam, 1960). At the eight -celled stage of the cnd<»Hpeim, the 
two upper and the two basal cells develop into the micropylar and clialazal haustoria respectively. 
In later stages the micropylar haustorium gives out latt^ral processes which grow in between the 
parenchymatous cells of the integument as in aV. gramimfolium (Subramanyom, 1961). Such a 
tendency has also been seen in certain members of the Orobanchaceae (Cr6t6, 1942; Tiagi, 1960) 
and Flantaginaceao (Cr6t6, 1942). The two-celled chalazal haustorium develops long tulmlar 
prolongations which grow in bot-wcen the cells of the integument. In S, gramim/oHum 
(Subramanyam, 1960) the chalazal haustorium is made up of two uninucleate cells and both 
form a number of processes which grow in between the cells of the integument. In 8. adnat/um 
and S, graminifoUum (Ros6n, 1935, 1949), however, the chalazal haustorium is not so w^ell 
developed. 

The development of the embryo corresponds broadly to the Solanad type of Johansen (1945). 
The penultimate cell forms the hypophysis. In 8. graminifoUum (Subramanyam, 1950) the four 
terminal cells of the filamentous proembryo take part in tlio formation of the different regions of 
the embryo. A detailed account of the embryologj'^ of tliis plant is publislied in the Proceedinga 
of the National Institute of Sciences of India, 16, 4, 246-263, 1960. (A reprint of this paper is 
enclosed along with this.) 

The next work is on the Origin and Nature of Hausloria in Lobelia cardinalis L., ft member 
of the family, Lobeliaceao. Material of open flowers and young fruits of this plant w^as collected 
at my request by Dr. V. Puri of Meerut (who was then at U.S.A.) from the Campus of the Cornell 
University on July 26th, 1949, and fixed in formalin-acetic -alec Jio). 

The pollen tube destroys one of the synergids. The other synergid also degenerates after 
fertilisation. Tlie antipodals persist during the early stages of endoi^erm dev'^lopmont. The 
endosperm is cellular and follows the Scutellaria typo of dovelojjment as in other species of Lobelia, 
One case showing the Phyteuma typo of development was noticed. At the eight-celled stage of 
the endosperm the two terminal colls at each end develop into the micropylar and the chalazal 
haustoria respectively. The haustoria do not arise from the synergids and antipodals as described 
by Cooper. This paper h&s been published in the Botanical Gazette in March 1961. 

Name of Research Fellow • . Mr. D. K. Mukherji. 

Subject of Research . . Plant physiology as applied to plant breeding 

• (Embryo-culture). 

(July 7, 1949— July 6, 1960.) 

1. During the period under review, work was done on various aspects of plant 
physiology, plant breeding and genetics with special reference to embryo -culture. 

2. Various media used by different workers for studying embryo-growth and tissue-^ltiro 

had been tried. An improved and modified medium formulated by the author has proved to be 
of the greatest advantage in serving as the standard medium (8.M.). i u.. 

3. After trials with various seed-steriliaing agents, a n^ method has ^ J 

using 2% mercuric chloride in 60% alcohol which did not inhibit seed germination to any 
slimiest extent. 
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4. It wan foujxd moat aui table to exciiie embryoa out of the seeds that had been soaked in 
water for 16 hours, inside a culture -room provided with a germicidal ultraviolet lamp and with 
perfect sterilizing equipmc^nts. Hard glass test tubes proved very convenient for the culture 
work. Culture tubes were kept inside a tempci*aturc-c<»nt rolled chamber. 

5. Tninsplaiitation of seedlings fi*om the culture tubes to the soil was the most critical 
phase in the life-span of the soodlings. Of the various methods tried, a method based on the 
gradual exposure of seedlings to the field conditions proved to be tlie best one. This method 
uecessitati^d the transference of the sc:odlings from the culture tubes to a similar liquid medium, 
then to the sand supplied with the same liquid medium, and finally to the soil. 

6. A study of the seeds of wheat and other crops showed that in some cases like, swede and 
t urnip. there were distinctive features of the embryos, and that in most of the ceases the seed 
coats determined the water -absorbing capacities of the seeds to a ^eat extent. It was also 
found that out of the three varieties of wheat (T. vulgare) studied, N.P, 165 had the highest fresli 
and dry matttjr content in the siuHtlings developed from the embiyos grown in cultures. 

7. Cultures of embryos tixeised out of the soft, dry, or shrivelled seeds were all successful. 
A grooved glass slide was prepared whicli was found convenient for dissection of embryos from 
soft or from dry scodH. The soft seeds and their cmhiy^os, when cultured, gav^e rise to more 
contamination than the dried ones; and the embiy^os, excised from dry seeds, dovelop<?d weaker 
seedlings than those from the wiakcd ones. Culture of embryos from shrivelled seeds led to 
platiis which wore less vigorous, and in most cases, later in flower -pi*oduction. 

8. Vitamin 11 1 influenced imihiyo-giowth to a considerable extent. Toxicity was observed 
at its higher concx^ut rations, whereas at lower conccuit rat ions, it enhanced growth, especially that 
of the roots of the soodlings dov'olopcd from the embryos. Toxicity involved the development 
of many abuotmul structures, such as, bifurcation of leaves, inverse growth, due to disturbed 
polarity, etc. 

9. An examination of the samples of foodgrains obtained from the local vendors showed as 
high as 66 to 67% of impurities. Germination capacity of the samples also varied from 
50 to 100%. 

10. Seeds of different ages w'ore collected from plants of 16 species of TrtVfCt/tw, 2 of Aegilops, 
5 of Ayropy-ran, 1 of Secaie, and 10 strains of tmlgare. Over and above, a number of crosses 
have been made involving T. mvilmni^ T. cmnpactum, T. polonirntn, T. turgidum, T. dicoccum^ 
and T, monocoeenwf and N.P. 4, N.P. 1 14, N.P. 165, and C.P.H. 47 strains of wheat. Varietal 
dilVerences in seed and embryo developm<*nt which are due to genetic constitution and material 
influoiK'es, liave been investigated upon. Jnlieritaiice of factors responsible for the differences 
in the response of the (unbryos to vitamin Bi and the standard nutrient medium has been planned 
for study. An abnormally gigimt ic wheat plant , having larger leaf and ear sizes, has been isolated 
from a group of plants raised through embryo -culture and treated with vitamin Bj. seeds 
will be sown this season for inheritnnee study for the inve.stigation of the causes of such giganti- 
eism, either genetic or phy.siological. 

11. Two papers Imve been sent for publication and another two are ready for publication. 


Final Report. 

Considerable progress was done during the period under review on the study of the 
rfile of vitamin Bj and ascorbic acid on the nutrition of the plant embryos, and the genetic 
factors responsible for the variability with regard to the response of the embryos to specific 
nutrient media. 

In addition to the effects of vitamin Bi on embryo growth in vitro in producing abnormalities 
at higher conoout rat ions and enhanced growth at optimum concentration, it w'as ob6er\’ed that 
the effects of this particular vitamin are variable in different varieties of wheat. It is also 
interesting to note that the hybrid embiy’^os, when grown in vitro in nutrient media supplemented 
with vitamin Bj, showd much more vigour of growth than the embryos of their parents. This 
result may bo explained on the basis of hybrid vigour. It was previously found tj\at there 
were considerable differences in the behaviour of the embryos with regard to their reaction to 
any particular nutrient medium, and that these differences w^re specific to particular varieties 
and species. All those suggest that the genic constitution of a plant infiuences the reaction of 
its embiyos to nutrient media, particularly marked in those supplemented with vitaipin 
This leaves much work to be done to provide sufficient evidence to this view. The generation, 
will have to be studied in this connection to show whether there is any segregation of 
the reactivity of the embryos to the nutrient media, especially to those supplemented 
with vitamin Bj. It is intended to pursue this line of work further. 

A preliminary work on the effect of ascorbic acid on embryo culture revealed that although 
there were some enhancing and retarding effects similar to those of the vitamin Bj, there waa 
no marked specificity of reaction on wheat embryo-growth similar to that of the latter vitamin. 

Investigations into the techniques of grafting of embryos have been done. Embryos, exeis^ 
from dry se^s as wrell as from soaked ones, have been grafted on to the endosperms of the seeds 
of other varieties and species. In some cases, there were clear evidences of the increase^giowth 
of the transplanted embryos, while in a few others, there was a retarding influence. Althou^ not 
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niArkedly^stinct m all the cases, it ^s found in general, that the embryos of hexaploid wheats, 
when grafted on to the ondospeim of the diploid ones, slio^i-ed a retarding effect* on the growth 
wheroaa in the reverse case there was an enhancing effect . This also leaves a scope for work lii 
this line to co-ordinate the behaviour of the grafted embryos ydih the genetic constitution of t!Ke 
plants. 

Seeds, oollected from local vendors while on tour to Simla, were tested for their purity 
germinating capacity, ete. This is the second of a series of work in this line intended to be done’ 

Name of Research Fellow , . Mr. B. V. Sukhatmc. 

Subject of Research ^ . . Theory of Non-Parameti ic IVsta and its applica- 

tions. 

(May 23, 1040 — September 28, 1050.) 

The research work was done mainly along two lines. 

( 1 ) ProhabUity distribtitian^ of poinio on a line. 

Mood (1940) has dealt at length with the distribution theory of inns. Later on Krislma 
fyer (1948) discussed a number of distributions relating to joins between points of the hsme 
colour or different colours. None of the authors has, however, discussed the distributions on the 
basis of higher oumulants. A detailed study alrmg those linos of some of these distributions has 
now boon made and it has been found that the distributions tend to tlu' noitnal form when the 
total number of points on tho line is sufficiently large, except when the probability of the points 
taking a particular colour is very small, in whieli case they tend to tho Poisson form. Besides 
those the probability distributions for triplets and quadniplets have also l>een derivetl and the 
results generalised to a-plets. 

(2) Probability distributions of points on a lattice. 

The distributions considered are those relating to tho number of joins between points of the 
same colour or of different colours. All possible joins between adjacent points have been consi* 
dered. Tlio distributions tend to the normal foim os the size of the lattice increases. Also the exact 
expressions giving tho expected number of triplets and its variance have also been oi}taitied. 
These results can be used for testing the departure from randomness of a given distribution of 
diseased plants in a field. It has been found that tlio test based on tho number of triplets includ ► 
ing the diagonals is mon^ efficient than that excluding the diagonals. 

Some of the results given above have already been published end others are under preparation. 

(1) ‘ Random assoedaiion of points on a lattice.’ ,7. Jnd. Soc. Agric. Stat., 2, 1, 1949. 

(2) ‘ Variance of triplets.’ Nature, 164, 841, 1949. 

(3) ‘ Probability distribution of points on a lino.’ /Science and Culture, 15, Nov. 1949. 

(4) ‘ On eertwin probability distributions arising from points on a line* (under preparation). 

(5) ‘ Probability distributions of points on a lattice’ (under xireparation). 


Final Report. 

Name of Research Fellow’ . . Mr. Y. Sundar Rao. 

Subject of Research . • Cytotaxonomy of Helobiales. 

• (6ctober 18th, 1948 — October 17th, 1960.) 

Keldbialea is a group of great phylogenetic importance. A karyological study from the 
point of view of its phylogeny is tho object of the present investigation. A preliminaiy’ survey 
of the^ chromosome numbei's revealed that the group is specially interesting from the point of 
view of chromosome races within tho species. With a view to evaluate their taxonomic signifi- 
cance intensive study of thoir karyotypes was undertaken and a correlation w’as sought betw’cen 
their morphological "features end their degree of ploidy. Special empliasis yran also laid on 
the geographic distribution of such races. The important results achieved during the years 
under report are suitimarised below. The details mentioned in the first annual report ere omitted 
here. 

Butomacsak. 

*Tbe karyotypes of Tenagocharis kUifolia (2n *= 14) and Hyd/roeUis nymphoidcs (2n « 16) 
show morphologically similar chromosomes, indicating common ancestry, llie change in the 
haploid nnmber from 7 to S occurred probably through fragmentation. Buiomus umbuMus 
(2n 3 w 26) had probably amphidiploid origin from 6 and 7 chromosomal ancestors, 



74 


ANKtTAL BBPOBT. 


AXilSMATACBAK. 

In this family the haploid chromosome numbers are: Aliama Flaniagoaquatica « 7 ; Echino- 
dorua ranunculoidea « S ; radicana =» 1 1 ; SagiUaria aagiuifolia 1 1 . It is clear that aneuploidy 
dotermines the intorgenoric relationships within the family. Studies on the chromosomc^* 
morphology go to show that such anouploid changes are associated with the increase in the 
terminally (‘onstrictod chromosomes and that fragmentation is responsible for it. 

Aneuploid chromosome races are also common in certain spories of the family like Aliatna 
FUintagO’Oq^iatica, But no deviating chromosome) number could be found in a group of plants 
rrollgcted at Hoshiarpur, wlule such races are common in Europe. Though the plants in question 
do not show any deviation in the cliromosome number, yet different plants show differences 
in the length of the satellites. Majority of the plants are characteristfd by a pair of chromosomes 
with short satellites, a few with long satellites and voiy few witli both long and short satellites. 
Obviously, the tliird category represtmts the hybrids of the other two types of plants. The 
leaves of the plants studied are broadly ovato, deeply cordate at the base, thick, coriaceous with 
undulate margins. 


H VOROCn ABITACKAK . 

One of the predominant cytologjcal features of the family is polyploidy (bot)i auto- and 
alio-), which attained difToront degrees in different genera. In Hydrilla verticillata diploids and 
triploids with a basic number 8 were reported; in Elodia diploid, triploid and hexa 2 >loid species 
and races occur. Polyploidy reached an extreme expression in Ottelia aliarnoides, wliich is now 
known to occur in diploid, tetraploid and hexaploid chromosome races with a basic number 11, 
Evidence gathered from chromosome morphology and chromosome jmiring during meiosis indicates 
that allopolyploidy is rosjionsible for the evolution of the races. 

In (‘ortain mor])hological features, diploids present certain diffireutrs when compared with 
the polyyiloids. For example, almost all diploids are a littk* shorter in staluie and have slightly 
Hmatler leaves and flowers than those of the hexaploids though the size relatjoi s are not always 
absolute. Most of the diploid forms have broadly ovate leaves with leas emdote or almost straight 
base while thos4> of the hexaploids are variable in shape with highly cordate base. Tlie diploids 
have white flowers and those of the hexaploids are either white or pink. Comi^aratively, the 
pollen grains of the diploids are invariably smaller than those of the polyploids. 

More interesting is the geogra])]iio distiibution^f the ehromosome races in India and else- 
where. The faets gathered from chromosome numbers of plants eolleetcd from different regions 
in India and the study of the morphological features of the herbarium specimens gathered from 
the whole range of distribution h'd to the conclusion that O. aliamoides originated in such tropical 
regions like S. India and Malaya (Sundar Rao, Cvrr, Set,, 20, 72, 1961). 

The present cytological investigation suj^ixirts tho amalgamation of the unisexual Boottia 
with the bisexual Ottelia, as th<' former has also the same ehromosome mimbers and show^s similar 
chromosome morphology. 


Najadaceae. 

Najaa minor All,, var, apinoan Rondle (2w =-= 24) is a tetraploid w ith a basic number 6. The 
karyotype has tliree pairs of long, throe pairs of medium -.sizf d and six paiis of short eliromosomes. 


Final REroKT. 

Name of Researc h Fellow- . . Dr. S. \"edaRaman. 

Subject of Research . . Adsorption of gases by industriallj’^ important 

catalysts and kinetics of gas reaction. 

(September 1, 1948 — August 31 , 1960.) 

This report deals with a number of adsorption studies at various temperatures and over a 
whole range of pressure varying from one to fifty atmospheres on three synthetic methanol 
catalysts end the adsorption of hydrogen on a promoted nickel catalyst (employed in the Fischer- 
Tropsch synthesis) progressively poisoned with varying amounts of carbon monoxide. The 
catalysts have been designated as ‘A*, ‘B*, end ‘D’ and their exact compositions have been 
given. ’ 

On catalysts A and B, volumetric measurements of the adsorption of hydrogen and][carbon 
monoxide at pressivrea ranging firom 10 to 70 cm. on A and|[from 16 to[50 atmospheres on A and 
B have been done. Low pressure measurements of hydrogen adsorption on catalyst A have 
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reveled that the highest adaorptiou is taking place at about 204* C. in agreement with the 
previoi^ otmrvations of Taylor and Strother for their sample of sine chromate. In contrast 
to catalyst A, hydrogen adsorption on catalyst B increases continuously with inci'case of tempera- 
tore up to the maximum temperature investigated. Catalyst B shows greater adsorptive capacity 
for hydrogen than catalyst A. r r ^ 

A new static volumetric technique hoe been develojx'd for thi* adsorption of gases by solids 
elevated pressures. Employing this technique the adsoiption of hydrogen and carbon 
monoxide has been studied on catalysts A and B. Adsorption isotbeims have been studied at 
eight different temperatures. It is pointed out that no previous work on the adsorption of 
hydrogen or carbon monoxide at elevated pressures has b(»cii doiu' on methanol catalysts. In 
oonfonnity with the low pressure measurements a maximum for hydrogen odsorption is obstwed 
at 204® C. for catalyst A. Kor the first time the diatijictivc (>c’cui*ronce of a soct^nd maximum for 
hydrogen adsorption on catalyst A at about 300® C. and at elevate d pressures has been observed. 
For catalyst B, in agreement witli low pressun^ mt^aRurementH, the adsorption of hydrogen 
increases continuously with increase of temperature. 

In contrast with the results of Taylor and Kistiakowsky for t heir catalysi :55nO.( VjOs who found 
that both the adsorption of hydrogen and carbon monoxide w as pronounced at very low pressures 
and rapidly reached saturation capacity independent of furtht^r pressure inc*ivahi% the observations 
made here on catalyst A point to adsorption increasing sharj^ly with inercuse of pressui^ as 
revealed by the measurements at elevated pressures. The rc^sults obtained with catalyst B in 
this respect contrast with those of catalyst A in that the former attains saturation very quickly 
(so quickly indeed that kinetic mctisurcments «'ould not he doiw* on it) and that its adsorptive 
capacity is not very much affect<*<l by lucroast' of pn'ssurc. A c omparison of tho low pressure 
values of hydrogen adsorption on catalyst C with those of B, has ck'nrly brought out the impor- 
tance of chromia for increased hydrog(*ji adsorption and also tlu^ loss in activity when cliromia 
is replaced by titania. 

Carbon monoxide adsorption at low pressures, on the thi'e<‘ metliunol catalysts has revealed 
distinctly two maxima one occurring at about 52® and tlio other at about- 178® 0. In other 
words, two types of activated adsorption of carbon monoxide take place on all three of them. 
Heats of adsorption calculated definitely point to the occurrence of activated adBori)tion even at 
62® C. 

As in the case of hydrogen, the adsorptive capacity of catalyst B for carbon monoxide is 
greater tlian that of A and C. Experiments at elevated pressures indicate increased adsorption 
of carbon monoxide with increase of pressure on both A and B. As in the case of hydrogen, 
carbon monoxide adsorption on catalyst A, increases sharjdy with increase of pressure, while on 
oatalyst B the effect of pressure is not marked. A comparison of the low pressure data of B and 
C obtained with carbon monoxide reveals that chromia is n good adsorlx^nt for carbon monoxide 
also. 

All the three methanol catalysts show a slightly bolter adsorptive capacity for hydrogen 
than carbon monoxide. An explanation for tho superior catalytic activity of B over that of A 
and A over that of C is provided by adsorption studies on these catalysts. Addition of copper, 
oeria and thoria to tho binary combination zinc and chromium produces a catalyst which is 
considerably* more active than the binary one. It is also seen that chromia is far superior to 
titania as a promoter. 

The differential heats of adsorption calculated from the adsorption data are found to be of 
the same order as those generally obtained for activated adsorption. Tho values vary with the 
amount of gas adsorbed, that is, heats decrease with increase in surface coverage, thereby 
indicating a pronounced heterogeneity of the catalyst surface. 

Velocity of adsorption of hydrogen on catalysts A and C and of carbon monoxide on catalyst 
A have been determined at various temperatures and pressures. The activation energies of 
hydrogen adsorption and those of carbon monoxide ad^rption calculated from tho velocity 
data have revealed in conformity with the results of previous workers, that the energies increase 
with increase in the amount of gas adsorbed. The data reveal that the surfaces of the catalysts 
are composite, with areas have characteristic activation energies ranging from low values to 
very high values. The results also reveal that the comparatively poor aiborptive capacity of 
oatalyst C and the decrease' in its catalytic activity are due to the incorporation of titania. Tlie 
incorperation of chromia, copper, ceria and thoria to zinc oxide, on the other hand, increases the 
amount of activated adsorption and decreases the activation ener^. 

The new experimental technique developed by Taylor and Liang has been employed for 
determining isobars of adsorption of hydrogen on catalyst A at various temperatures. Tne 
experiments reveal desorption of chemisorbed hydrogen from the catalyst surface on raismg the 
temperature through certain temperature ranges at constant pressure. The desoiption is then 
followed bj^urther chemisorption of the gas. * j i i 

Another feature of th© present work is that investigations have been done on promotea 
and cobalt catalysts poisoned progressively with various amounts of carbon monoxi<fo. Ihis 
is tHe first time that such an investigation has been tmdertaken. It has been found that minute 
doses of the poison considerably enhance the adsorption of hydrogen, where w greater 
suppress it over the entire pressure range studied. An explanation of the phenomena has also 
been given. 



76 


ANNUAL ilRPORT. 


( 2 ) 

IKPKRIAL CHEMICAL INDUSTRIES (INDIA) RESEARCH FELLOWSHIP. 

Annital Report. 

Name of Research Fellow . . Dr. C. Ramasastry. 

Subjec t of Research . , Spectroscopy. 

(June 19, I949~.rune 18, 1950.) 

The research programme was commouced in June 1949 and comprises of the spectroscopic 
study of diatomic ana polyatomic molecules. 

TliO results of the investigations of the resean'h fellow on the diatomic zinc bromide molecule 
rosolvod the anomaly as regards its vibrational constants. 

Tho near \iltraviolut absorption sf)eetra of chloro -phenols have also been studied by the 
roHoarcli fellow fi*om tho point of view of electronic structure and theory of valence. This topic 
of study asHuraod a now importance in the light of tho recent investigations on tho aromatic 
series of t>rganic molecules consisting of benzene and its derivatives. The research fellow 
has obiainod and analysed the cliaracteristic absorption spectrum of a di -substituted benzene 
mol^'cule, ortho -chloro -phenol. The results are of importance for the correlation of chemical 
structure with the electronic absorpt ion of polyatomic molecules. 

Preliminary investigations on a triatomic molecule, carbondisiilphide have also been 
cojnpletwl 


Name of Re8oar<di Fellow . . Dr. A. K. Chakra vorti. 

Subject, of Research . . ('ytogouctica of some common fruit trees of India 

and the appli'-ation of (iolchicine to raise 
improN’od types. 

(March I, 1950 -February 28, 1951.) 

Cytogenetical investigation of tho following fruit trees were in progress: — 

(1) Anona tiqnamosa, (2) .4. reticulata^ (3) Physalia minima y (4) P. peruviana, (6) Flacourtia 
aepieria, (0) F, rarnontchi (7) Carica papaya, (8) ICngenui unijpiara, (9) E, malaccensia, (10) E, 
javanica, (ll) E.jamboa, (12) E , janibolana, (13) Citrus decumana^ (14) (K medica, (16) Psidium 
quayava, (lt>) Nephelium. litchi, (17) xV. loiujana (18) Achraa aapota, (19) Zizyphva jujuba, 
(20) Spondiua anacardium, (2\) Oretvia aubinequalia. 

Tho behaviour of the chromosomes during mciosis in the P.M.C.s has been examined in detail 
in Carica papaya, Anona aquamoaa, A, reticulata, Eugenia vniflora, E, malaccenaia, E, javanica, 
Phyaalia minitna, P, peruviana (both naturally occurring diploid and tetraploid, and colchicine - 
octoploid forms), Citrus decumana, Nephdiuni litchi and longana. 

Pairing of the chromosomes has been found to be normal and regular in all the above species, 
excepting Eugenia javanica and colchicine -octoploid Phyaalia peruviana. Very rarely, however, 
slight irregularity has 'been noticed in some of them. In Eugenia malaccenaia, for example, a 
diakiriotic nucleus luia been found to contain 8 bivalents and 2 trivalerfis instead qf 11 biv^ents; 
and in Anona aquamoaa tho nuclou.s of tho P.M.C, has rarely been found to restitute during division 
I, In addition oc<?a8ional laggards were observed during anaphase I in almost all the i^ecies 
examined. ‘ 

Pairing of tho chromosomes were found to be weak in Carica papaya, Anona aqtiamoaa, A. 
reticulata and Citrus decumana, the chiasma frequencies per bivalent in them being 1*35^ 1*36, 
1*41 and 1*40 respectively. 

Meiosis is irregular in P. javanica and colchicine -octoploid Phyaalia peruviana due to their 
polyploid nature. In E, javanica all types of chromosome pairing, from imivalent to quadrivalent, 
characteristic of tetraploid plants, have been found. Tlie percentages of univalents, trivalents 
and quodrivalents are, however, low. This feature suggests that the species is in all probability 
an allotetraploid. ^ 

Owing to their auto-poljqploid nature, the colchicine-octoploids of P. peruviana ^ow irreg^ular 
pairing of their ohromosomee. Various kinds of chromosome associations, from univalents to 
hoxavalentg, could be seen. Associations higher than hexavalents though expectc^ were nOver 
observed. Among quadrivalents, true rings characteristic of non-homologous intemhan^^, 
were found to occur. There is a high percentage of pollen sterility, 40*6% of the grains being 
abortive. 
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Distinot evi^nce of seooadary associatioa between bivaienU during metapheae I hae been 
obtainOd in Carioa papaya^ Citrus decumana^ Nephelium litehi and N* longaua, • *nie maximum 
•iwsooiation of the 9 bivaloats of Canca papaya ie 1(3) + 3(2) and that of VitniS decumana is 3(8). 
From this it appears that the basiu nwiber of C. papaya is 4 and that of t\ decumana is 3. • 

The nature of the secondary pairing of the bivalents iu the two species of Nephslinm referred 
to above has not yet been statistically analysed. 

A study of the meiosis in other species and a karyotype analysis of all the species are in 
^progress. 

Application of oolcliiciue to Carica papaya and Physalis peruviana (4fi) was met- with succesSf 
producing their corresponding tetraploid forms. The giwing tips of the seedlings (2* to 2|'" 
in height) of these two species were covered with cotton pads soaked in 0*25% cohrhicine solution 
for 24 hours. The pads were then removed and the growing tips were waslicd with distilled 
water with a soft brush. Out of the 50 treated seedlings of C\ papaya only 5 appeared to have 
given positive results, and out of 4 naturally occurring tetraploid seedlings of P. peruviana 8 
became ootoploid. 

The tetraploid C\ papaya has not yet flowered. Doubling of the chromosomes of P. peruviana 
has brought about general gigaaticism of the different organs of the treated plants, estx?cially in 
the flowers and the fruits. 


Name of Research Fellow . . Mr. T. V, li. Pillay, 
iSubject of Research . . Culture of Grey Mullets. 

(December I, 1949 — November ilO, I960.) 


Studies on Mio biology of the Ui'ey Mullet, Muyil fade Korsk.aud mullet cult urt» praciici^s in 
bhena near Oakaitta were <*.outinu(‘d during the year. Samplings and field obHervations were 
conducted in throe selec ted centres in Bengal, viz,, Junput (sea-coast), Port Canning (Mailah 
estuary) and Ghutiari 8harif (enclosed farm). 

Systenuitica.-^Tlw intraspei itic variations in M. tade were studied and u complete description 
of tfie species was prepared. Tiio relationship bet ween tlie different l>ody nieasuroments and the 
total lengtli of the fiali, as also Mu' rate at- wiiich the diffi'rent parts of the body grow in relation 
to the total length was determined statistically. The analyst's of morphometric data of samples 
of M, tade <*olloetod from the scacoast at Junput and the ostuary at Port Canning during different 
seasons of the yoar, showed tliat there is no signifi<*ant differences hetwc'on the stocks in thew' 
two ttroos. Statistically significant differences were, liowevor, observed iu tlu' morphometric 
characters of specimens reared in the enclosed farm. 

P»a/ier//.-— Mullet Ashing methods and the composition of citifies were studied from Juiiput 
and Port Canning. The results of this investigation as also the study of systomatics have bt'cn 
incorporated iu a paper entitled 'The Grey Mullet, Muyil tade Fornk. and its flshoiy iu Bongar. 
The analyses of catches from tlip farm shows that the fish is seldom allowi'd to grow to a large 


Food and Feediny Habits , — Studios ou the food of M. twle iu dift’ereut euviroumentH during 
different seasons of tlie year, have been concluded. Field observatiojis and aquarium experi- 
ments were also conducted to ascertain its feeding habits. All the available data sltows that it 
feeds at the bottom on the iliotropliic layer. Early juveniles have been observed to feed 
on the surface or an attached algae. A prelimijciary note on the food and foedii^ awpta- 
tions of the fish was published iu Jdci. df Cult,, 16 , 261-262. A detailed investij^tioii 
the morphology of the alimentary canal was mode with a view to correlate it with its food and 
feeding habits. Work on the histology of the* alimentary tract was started. 

Length^weighi relationship and Condition feustor.-’^Th.G weight of M, fade was louiid t-o 
as an exponential function of its length. The equation for the curve is W ^ 0*03337 /> * , 

where Tr =« wl. in grammes and L = the total length in cm. The condition factor decreases 
with inorease in length of the Ash. The data collected so far ii^cated that the conmUon fact<^ 
is at its minimum duriixg the spawnii^ season. More data is being c*olloctod to establish this ana 


to ascertain the size at first matunty. , ^ r ^ 

Association with Zoothamnium . — new species of ZoothanifHum, a wlonial orotozoan, 
growing in association with Af. tade iu a fresh-water tank was studied in detail ^ j 

‘On a new species of Zoothamnium (Vorticellid — Protozoa) from the Grey Mullet, 

Forsk. * prepared in collaboration with Mr. H. Khajuria is now under publication in the Jieoords 

of the Indian Museum. ^ -x- i - w/ 

Salinity toteranoe.— Laboratory experiments have slxown that salinities 
MO harmful to the well-being of mullets. However, if the rise is only gradual, about 25 
fish are able to ‘acclimatise^ to even as high a salinity as ^®/oo* 

PreAKora.— It has been obaei-ved that LaUs ealeanfer 
are the main predators of mullets in brackish water f-wnis >n Bengal. 
experiments failed to substantiate the geneml belief that the common pond g 
to mullet fry in f^sh-water ponds. 
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Name of Reeearch Fellow . . Dr. S. N. Ghosh. 

Subject of Research . . Radiation of Earth’s Upper Atmosphere. 

(March I, 1949--August 22, 1960.) 


Work for tho construction of the apparatus for the study of the strong line A 10444 of the. 
night sky light is continued and is nearing completion. The apparatus consists mainly of a 
Thermistor Bolomotor V049 by Western Electric Co., on which radiation from the luminescence 
of the night sky is focussed by a redeotor. The output of the bolomoter is amplified, rectified 
and finally drives a penreoorder. 


Power F(ick 

The power supply utilised a standard power pat'.k transformer ]iroducmg about 400 volts 
d.c. at the rectifier cathode. It is followed by a voltage stabiliser utilising three 25L6 tubes and 
a 0SJ7 amplifying tubes. The reference voltage of stabiliser is 45 volt dry battery . 

The power pack supplies tlio H.T. power and the cathode heating power of the amplifier 
as well. Smoothoil d.(\ is iiecessiAry for the heaters of the amplifier tubes, as otherwise, they 
pick up considorablo amount of ripples from the heater line. 


Reflector 

To measure tiie mdiatiou from the night sky it has been estimated that the thermistor has 
to deal with signals of the order of 10 -n volts. An amplifier canju>t possibly utilise such weak 
signals, radiation from the night sky light is condensed by rofieetor. 


Amplifier 

In this field of iustrumontation, high gain amplifiers capable of handling extremely low 
input levels are required. Following general practice an a.c. amplifier is used instead of a d.c. 
typo. For, a d.c. amplifier cannot be prepared wliich has a sjiontnneous drift less than 10 milli- 
volt, as such, a d.c. amplifier cannot profitably bo utilised for the input signal less than 10 milli- 
volt. As the voltages that will bo obtained from the thermistor even after (condensing radiation 
on it aro extroinoly small, one has to construct an a.c. amplifier to obtain the required amplifica- 
tion. The a.c. signal is obtained thus. The incoming signal is interrupted by a rotating 
mechanical shutter whereupon an interrupted signal is produced by the thermistor. This is 
possible because the time constant of the thermistor is small, of the order of 0*005 sec. 


Choice oj the operating frequency of the amplifier 

The a.c. amplifier must bo of exceeding narrow bandwidth as otliorwiso siicli weak signal 
cannot bo dist inguishod in proseuco of Uie noise, bi onler to reduce the bandwidth, it is desirable 
to oporait' the amplifier af< as low a frequency as possible. But too low a frequency makes the design 
of the apparatus rather complicated. Further, frequency in the neighbourliood of 60 eps, is 
to bo avoided for the presence of ripples from the power line. 

From these consideratiops, the operating frequency of the amplifier was chosen as 37 cps. 
with a bandwidth of 1 ops. wide. 


PreatnfAifier 

It is a two-stage resistanoe-coupled amplifier operated by a 90 volt diy' battery. The 
receiver flake of the thermistor is placed between grid-earth and the compensator betweeh H.T. 
and the grid of the input valve. Wire-wound resistances are used in the anode circuit as the 
resistance noise of the carbon resistors are found to be considerable. 

The preamplifier ohasis must be airtight and contain silica gel dehydrator container. It 
is oomplotely sluelded and provided with a shutter. 


Main Amplifier 

It oontains three reaistanoe-ooupled and one transformer-coupled stage. The transfoitner- 
ooupled stage is a tuned amplifier resonating at 37 cps. It feeds into a diode receiver whose 
output is applied to a 6J6 cathode follower. The cathode follower drives a penreoorder. 
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Name, of Reeearch Fellow . . Dr. K. K. Reddi. 

•Subject of Reeearch . . Rfiie of antithiamine fac.tor in nutrition. 

(June 1, 1949— November 27, 1960.) 

In vivo SXUDIHS ON ‘Aim-TWAifii™ FAOToa* IN inmABD {Bnuico junooa). 


Intkoduction. 


revi#w hae boon devoted to the study of the influence of the auti-thiftmine 
miMtard, on tlie availability of added thiamine to rata, Tlie direct study 
on rats is of more praotioal value m assessing the harmful nature of the factor. ^ 


KxPBniMENTAL. 

Proo6^?/re.— Tw-onfcy-four young albino rats, 4 weeks old, weighing 32-46 gms. and of known 
nutritional history wore used as experimental animals. Those wore placed in individual (^agos 
provided with raised wide mesh bottoms, to prevent the animals to liavo access to excreta. Tliev 
were fed on basal diet, (vitamin Bj free diet), prepared according to Evans and Lepkovsky, 
lor seven days to deplete the animals of their vitamin Bj reserves. At tlie end of this period they 
were assembled into four groups, each group having six animals. 

Group 1.— Basal diet +6 micrograms thiamine hydrochloride. 

Group 2. — Basal diet +6 micrograms thiamine hydrochloride -f anti -thiamine factor 
(vitamin and A.T.F. were incubated for 30 minutes at 37®C.). 

Group 3. — Basal diet +6 micrograms thiamine hydmchloride -fone c.c. A.T.F. (vitamin 
and A.T.F. were given separately). 

Group 4. — Basal diet only. 

10 ^ams of basal diet per day per rat was given. The vitamin Bt was delivered through 
pipette into mouth. Before giving the regular diet the rats in group 2 were given a mixture 
of vitamin Bj and A.T.F. in small cups with a pinch of sugar. Hats in group 3 received 1 o.c. 
of A.T.F. After it was licked completely 5 micrograms of thiamine hydrochloride was given 
through pipette into mouth. The observations of body -weight wore made once in 6 days. 

Rats in group 1, receiving 6 micrograms of vitamin Bi steadily gained in weight, thereby 
indicating that the amount of vitamin Bj given is quite sufficient for normal growth. 

The rats in group 2 receiving a mixture of 6 micrograms of vitamin Bj and A.T.F. were alstf 
healthy and steadily gained in weight. 

Rats in group 3 receiving vitamin and A.T.F. separately were also healthy and gained 
in weight. 

Rats ingroup 4 receiving basal diet (control grouij) lost woiglit gradually and the food in*take 
has also fallen down. Severe symptoms of vitamin Bi deficiency wore noticed after 4 weeks. 

From the observations it is clear, that the action of this focjtor is entirely difForent from that 
isolated from the fresh-water mussel. In the latter case, it brings about the hydrolytic cleavage 
of the added vitamin Bj and thus renders it ineffective biologically. In the case of the factor 
from^ miptard, oven though the in vitro experiments showed low recovery of added thiamine, 
the in vivo experiments show that the factor is quite harmless. This experiment shows that the 
factor does not bring about flission, but it may somehow combine with vitamin and thus 
prevent it from convemion into thiochrome. 




ON EQUATION OF STATE OF REAL GASES. 


By M. Dutta, Khaira Laboratory 0 / Physics, U niversity College of 
Science and Technology, Calcutta. 


(Commanicated by Prof. S. N. Bose, F.N.I.) 


{Received May 2; read August 3, 191)1.) 


1. Intboduotion. 

In several previous papers [Dutta, I, (1947), II, (1948), 111 and IN , (1961)], by 
apply ing a new statistical method of calculation, the general behaviour of real gases 
have been investigated. As in the usual treatment the peculiarities of a loal S^s m 
distinguished from the ideal gas have been attributed to the finite volume 01 the 
molecules and to the efifects of fields of forces, e.g., of cohesion, etc. A distribution 
function has been constructed by considering the distributions of the representative 
points of the molecules in the configurational and momenta spaces separately, in the 
configurational space a concept of exclusion has been introduced by assuming this 
space to be made up of cells (of exclusion) each of volume 6 which can remain either 
vacant or be filled by one molecule only. This yields the partial thermodynamic 
probability corresponding to the configurational space. The momenta space is 

similarly divided to cells, each of volume j , and the corresponding partial thermo- 

dynamic probability has been written down in the usual way. ^ 

these two partial thermodyimmic probabilities is taken as the tliermodynam 
probability of the assembly constituting the real gas under study. worked 

In the present paper the Planck-Saha-Bose equation of state has been ivork^ 
out for Van der W^l’s fields of forces. The result has been 
by taking into consideration the overlapping of the volumes ®f 

similar to Boltzmann’s. Further improvement has been souAt ^® J 
following a somewhat more rigorous method of calculation. The results of the usual 
theory are obtained similar in form but with slightly altered coefficient. 


2. Dbsobiption of the Assembly. 

The assembly under consideration consists of A 

molwiles. each commM>atog a volume of Moluaiou of magmtude . 

The assembly is enclosed within a volume F, a a if as the formation 

Now, the effect of cohesion between “®^®^®* t£n that of the 

of a very thin surface layer of potential ®“®*8y,®^*f^L^al energy wi, the 
interior. Let the interior be of volume Vi. and of pot^^l ener^ 

surface layer of volume Fj, ai^ nl volume *6' as usual. I* i* 

After this, the layer will be divided into toUs o interior, and 

•ssuffiedthatft « vl F*. 

in the surface-layer respectively in any complexion. Let o, tepresen 
molecules with energy e^. 
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3. Calculations. 


• It has been shown that, by following the arguments set forth in section 1, the' 
thermodynamic probability of an assembly constituting a real gas can be ^Mitten as^ 
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As shown in a previous paper, (Dutta, II, 1948), we have the following: 
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As in the same paper, the following expressions for important IhenncKlynaniic 
functions are also easily obtained. 
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Now, if the field be assumed to be weak and short-ranged (which is generally 
taken to be true for \'an der Waal’s field), then and w are small. So the expres- 
sions for thermodynamic functions can be expanded in u powei- series of and 

• K 

(l-c'itF).an‘lterm8involving powers of -y and higher than the first 

may be neglected. 

Then, 


we have 


Now, from the well-known thermodynamic relation, 
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where, 
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It should be noted that the expression for a, obtained here, is same os tlmt for 
a in a pfevious paper (Dutta, II, 1948), and it is shown there that a is proportional 

to iV*. > So, is the usual V'an der Waal's correction for pressure. The equation 

(8a) is the Planok-Saha-Bose equation of state for real gas (Planck, 1908; Saha and 
Bose, 1918). 

4. A MOBB ACOUBATB SPBOmOATIOir OB b. 


Now, ‘6’, the volume of exclusion of each molecule means the volume which 
the centre of any molecule commands exclusively of any other. In papers referred 
to the above b has been taken to be indei>endent of the volume and the temperature 
and ultimately taken to be equal to the volume of a sphere about the centre of a 
molecule with a radius equal to the diameter of a molecule. This sphere will be 
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referred m the covering Mphcre (Deckungspb&ren) of a molecule. But a little le^eo- 
tipn will show that it is only a very rough approximation of the reality. It is a fact 
that the centre of a molecule of finite dimension cannot come within the covering 
sphere of the other, but it can come to such a close position that it is on the surface 
of a covering sphere of the other. Now, when the centre of one molecule comes 
sufficiently near to the surface of the covering sphere of the other, portions of their 
covering spheres will overlap. So, ‘b’, which represents the average volume of 
covering sphere of one molecule left exclusively for it, cannot be equal to that of the 
covering sphere. If the volume of the covering sphere be denoted by 6© then 6 the 
average value exclusively comma u<ied by each molecule may plausibly be written as 


= 

Obviously, the volume of each cell of conligurational space in present calculations 
of previous sections should be taken as this 6. 

It will be assumed that the function / can approximately be represented as 

so that the above relation may l)c approximately replaced by 

= (II) 


K<u'e, y has been introduced for taking into account the two factors, i.e. that the 
|)urtion of the volume V, really occupied by matter is not A’l>o. but something less 
than this, and secondly, that some portions of this cannot really be occupied due to 
the geometry of shape playing a role in packing. 


o. (Ialoui.attons with I ). 


Now, for simplicity, we shall first consider the case in which the field is absent. 
The exclusion to the cases of ^■an der Waal’s field of force or of the like appears to be 
easy and straightforward. Then, in absence of any field of force, it yields 


„,{•«*)] 


Retaining up to {^y we have, 

4 , « 


log V-l^- 




(2ir»iA2’)fn 

5j 


and 



NkTV 

, UNbo) 
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3 F* J 


.. (18) 


.. ( 14 ) 
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6. EVALtTATION OF y. 

To be convinced of the potentiality of the present method, y has been at Brat 
calculated on using the method referred above, and on following the basic 
Boltzmann’s ideas of overlapping of covering spheres. (Boltzmann, 1923.) Of 
course, sli^t modifications are introduced to fit it with the formalism of the present 
Scheme. The calculation yields the same value for the second virial coefficient as 
obtained by Boltzmann. A close scrutiny of the method shows thatthe method is open 
to serious objection. In a later section, we have given a new method for calculation 
of y, which, though appi^oximate, is free from objectionable features just mentioned. 

To evaluate y up to first approximation, it will be assumed that the assembly 
is of such a density that the frequencies of encounters (better, overlapping) of higher 
order than the second is negligibly small, and their contributions will be neglected 
here. Only, simultaneously overlapping of covering spheres of a pair of molecule will 
be considered here. The extension of present discussions of those oases where 
simultaneous overlapping of covering spheres of higher order appears to be strai^t> 
forward and will be developed hereafter. 

Evidently, there will be an overlapping of covering spheres where the distance 
between the centres of any two molecules is less than the diameter 2d, where d 
represents the diameter of a molecule . Let the {ittention be focussed ux>on the centre 
of a particular molecule, and let the centre of any other molecule come to a distance 
X from that of the molecule, where d<.i- <2d. Now the portion ofthe volume of any 
of the covering spheres which is left exclusively to the molecule under consideration 
is the volume of the larger segment of the covering sphere cut up by the common 
plane-section while the remaining smaller segment is to be taken as the volume lost 
due to overlapping. The portion of the volume of the covering sphere of the 
molecule under consideration, overlapped by other, can be written after 
Boltzmann, as 

(d*-?/*) dy = -h j) (>6) 

X 

2 

Then, the frequency of overlapping under the conditions that the centre of one 
molecule is at distance (j', x-f-dx) from the other may be taken as 


Pw 


d.r 

V 




(16) 


Let us assume that with the centre of the colliding molecule lying within distance 
(x, x+dx) from the centre of found molecules it is geometrically possible for only t? 
molecules to participate in overlapping with a given single molecule. We shall leave 
to n the theoretical possibility of varying from 0 to N. 

The frequency of overlapping in all layers between r>* and x^dx round 
all molecules is then 


4itx® dx n 
F ~^2 


.. (17) 


since ih pairing each molecule is counted twice. 

So, the expected value of volume overlapped in the covering spheres of pair of 
molecules, (when n molecules are participating or having tendency of overlapping), 
is 
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where 


nio 

32 V 


( 19 ) • 


Now, in dififorent complexions, different numbers of molecules ulll participate or 
will have tendency to participate in overlapping. In different complexions, the 
number of pair of molecules participating or having tendency to participate varies 

from 1 to Ho, to calculate the required value of y average should be taken 

amongst all those cases. 

Then, average volume, lost in overlapping, per pair, is 






1 

3 


iV • 2b' (approximately). 


Then, average volume, lost in overlapping, per individual, is 


1 1 

>'— = 2-3 


A' • 21/ 


I 17AV 
3 32 V 


.. ( 20 ) 


( 21 ) 


_ 1 n _ 17 
- 3 ■ 32 “ 96 


Then, from equation (13) and (14), it follows that 


.. ( 22 ) 


(23) 


and 

P 


Nferr 6 (iiV6o)« 1 

V L V 8 F* .1 

F L F^8F«J 


.. (24) 


This equation is same as that which Boltzmann (1923), and others obtained by 
different methods. 

Now, in presence of Van der Waal’s field of force, proceeding as, in above from 
equations (7), (8) and {8a), this equation becomes 



NkTr , ^ ,5)90 
F L F 8F*J- 


(26) 


Comparison of ths method, developed above with the method of Boltzmann, 

Before proceeding further, it appears to be necessary and, also, illuminating 
to analyse tne method, developed above, and one of the other well-known methods, 
which is due to Boltzmann, for considering the effect of overlapping of covering 
spheres, and to be convinced of similarity and difference between them. To calculate 
the effect of volume exclusion for covering spheres and of their overlapping, 
Boltzmann constrdoted the expression for thermodynamic probability on starting 
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froni tbe supposition that the volume is initially empty and is then filled by intro* 
duoing molecules one by one. According to him, the contribution to the expression 
of the thermodynamic probability by the first molecule entering in the volume is 
taken to be a factor F, that by the second is taken as V —h^, that by the third as 
V --26o+.Zj, that of the fourth is F— ^^d so on, where Z, has interpretations 
umilar to (18) above. The product of all these factors is taken as the oorreotion 
for the effect of the volume exclusion together with the overlapping of covering 
sph^s of molecules. 

But, this supposition of the introducing molecules one by one in the volume 
considered is very artificial, and is not consist cut with the formalism of the usual 
method of Planck and Lorentz based on Boltzmann hypothesis. Now> if the formal- 
ism of the usual statistical methods, based on Boltzmann hypothesis, is strictly adhe^ 
to then what Boltzmann has done will appear to be equivalent to taking respective 
consideration of the overlapping of covering spheres of one molecule by no molecule, 
by one molecule only, by two only and so on . Moreover, as the effects of overlapping 
by no molecule, by one only, by two only, and so on, are taken to be involved equally 
in calculations, so the occurrences of overlapping of covering spheres of one molecule 
by no molecule, by one only by two only, and so on, as it appears, are tacitly assumed 
to be equally frequent. Now, the method, developed in previous article, are based 
on these two h 3 rpothe 8 is and so is equivalent to that of Boltzmann in principles, and 
yields same results as it is to be expected. 


Criticism of the above and svggesHoti of a vew scheme of cakvUUion. 

The methods, developed and discussed in the above, appear to be open 
mainly to two objections. Firstly, in those methods, overlapping of covering sphere 
of one molecule by molecules where n is different from N , and varies front 0 to i> , 
has been considered. A little reflection will show that this way of approach is very 
artificial. As the total number of molecules in volume is always A , and as there are 
random distributions amongst them in different complexions, so there is no justifica- 
tion for taking w. the number of molecules participating or ha'^g temlenoy to 
participate in overlapping, different from A-1 or N as 1 < < A . So, 

(or, better probability) of the layer between a: and x+dx about the centre of a parti- 
cular molecule, being occupied, should be taken as 


, 4ira;* dr 


.. (26) 


and, so, the expected value of volume overlapped from the covering sphere of that 
molecule is to be taken as 




ii*Ar 




x^dx 


16 F 


where 


" "32 F ' 


.. (27) 


.. (28) 


Se«.ndly, ta ot Z to objSSS” to 

been taken even for very improbable ooowences. TJiB IS h^^o j ^ 

. this connection it is to be remembered t^t m one pair only, 

overlapping, in some complexions, there will be -og of the complexions 

in some amongst two only, etc., but the firequencies of occurrence ot tne co p 
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of different types are different, as will be clear from the discussions given below. . So 
proper considerations should be taken for this fact, and the average taking in (20) 
should be a weighted average. For this, the probability (or frequency) of occurrences 
of complexions with no overlapping, those with one pair only, etc., should be 
calculated first. 

Tn forming some ideas about these probabilities of frequencies, as usual, tl^ 

A y 

a priori probability of any particle to occur in a volume A T will be taken as 

So, a priori probability of the centre of any molecule occurring within a cell in the 
configurational space is to be taken as b/V. The volume' of a sphere uith radius 
e(|ual to the diameter of the covering sphere is 86. There is no overlapping of 
covering spheres of a particular molecule, if centre of no other molecule come within 
a distance d and 2d from the centre of the particular molecule. In the present 
formalism of distribution of representative points of molecules in cells of 
configurational space this fact can be roughly expressed as there is no overlapping of 
covering sphere of a particular molecule, if 7 cells, contiguous to cell occupied by the 
representative point of each molecule, remain vacant. For this calculation, no 
distinction (which is expected to give higher order terms) will be made between b 
and 6o. Thus, the number of arrangements in configurational space, without any 
overlapping of covering sphere is 



As molecules are perfectly similar such that permutations amongst themselves 
will give no new arrangement, so the number of complexions is 



So, the probability of occiwrences of no overlapping is 



Now, to calculate the number of complexions in which there is overlapping 
amongst one pair of molecules only, (N—l) representative points of (JV— 1) molecules 
are distributed in such a way that 7 contiguous ceils about each cell occupied by any 
one of (N —1) representative points are vacant. The number of way, in which this is 
possible, is 
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• Now, the remaining representative point is to be imagined to be coupled with 
one of the (A^— 1) representative points, considered above, in suoh'a way, that it 
oooupies one of the 7 cells, contiguous to one of the cells occupied by one so tjiat 
the total number of arrangement becomes 



Now, as the permutation of representative points amongst theinsc-lves u ill cause 
no difference, so the number of complexions will be 



So, the probability of occurrences of complexions having overlapping is 



CM)) 


Similarly, the probability of occurrences of those complexions having overlapping 
amongst r pair only is 


7r8N 

N\ 


"■in)' 

fy W W/F 

V86“^^7‘ 


.. (31) 


So, the average value of volume lost from covering spheres of each pair 
of molecules due to overlapping is 


iV 
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(32) 


So, tlu! uvt-ragc value of volume lost from covering spheres due f(» overlapping 
}M*r molecule is 


11 

57 


6 *. 


(33) 


. / I I. /. '7.V6o\ 


and so, 

Then, 


14 17 
^“-.7 ■32’ 


NKT r 4iV6o 

V L 


(34) 


^'^0. 

V ■’■8V'^57/ Vi J 



Tn presence of Van der Waal’s field of force this becomes 

z'+r* = — [ '^v^sy +57; rd 

The second virial ooeflioient (i.e. coeflicient of •^ ) as obtained here, differs from 
the usually accepted v'alue by 30% only. 


(36) 


(30) 


Conclusion. 

The value of virial coefficient obtained by Boltzmann and others, w^iob is 
believed to be correct is {. The calculation in section 8, which takes account of 
frequency of occurrence is expected to yield a value, somewhat more accurate |fhan 
that obtained by Boltzmann. However, the present line of thought at least indicates 
that calculations improving the hitherto accepted result, are possible. Anjrway, 
detailed informtiaon from properly designed experiments, together with a thorough 
and minute revision of the usual arguments probably in the light of the discussion 
made in the paper, is expected to throw more light on this subject. 

The author wants to express his thanks to Prof. B. C. Majumdar for drawing 
the author's attention to the line of the problem, and to express his gratitude and 
thanks to Dr. S. C. Kar, Prof. S.^. Bose, ftof. N. R. Sen for their keen interest 
taken in developing the paper. 
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The present paper is divided mainly into two parts. In the first part, the Planok^Saha^Bpse 
Equation of State, which will be taken aa basis for deducing more accurate equations of state in 
later development, has been obtained by the statistical method, developed by the autlior in some 
of his previous papers. In the second part, on taking the overlapping or the Deokungiq[>h&ren into 
consideration by the above method after suitable modifications, the usually accepted value of 
* the second virial coefficient of the equation of state has been obtained. After this, the relation 
(oil better equivalance) between this method and that of Boltsmenn lias been d Iscussed. and some 
of the unsatisfactory features, common in both the methods, have boen }iointed out. Finally a 
modified method, which is free from the above menti<med unsatisfactory foalures up to some 
extent, has been suggested, and a value of the second virial coefficient obtained rough 
caloulationa from this method is, of course, found to deviate from the accepted value by about 
30%. But from the theoretical discussions, put forward in the paper, the value obtained here, 
appears to be more reliable, and is expec^t^ to be verified when more accurately designed 
experiments will be performed. 
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Intbouuction. 

In spite of. the many investigations that have been made on the origin 
of electricity of rain there are many points which remain as obscure as over. 
Simpson’s * Breaking Drop’ theory was at one time considered to describe a major 
process which was in operation in the production of electricity of cloud. In 
Simpson’s experiments drops of distilled water v^erc allowed to fall through a nozzle 
and these were broken in a vertical blast of air. In 1938, the senior author showexi 
that the results of these experiments were not directly applicable to breaking of 
drops in the atmosphere. In the laboratory experiments, the reaction betw^een the 
licjuid and the nozzle makes the drops leave the nozzle with an initial positive charge 
and give the nozzle a negative charge, with the result that while the drops after 
being broken by the air current get a charge of 0*02.3 e.s.u./c.o., the total charge 
in the air is less than half this amount. In the atmosphere there is no nozzle; the 
drops may form on ions or nuclei, and may have an initial positive or negative 
charge, but if they are broken in a current of air, the total charge in the air wmcb 
will be derived from 1 o.c. will be about minus 0*0092 e.s.u. and the charge acQumed 
by the drops by this operation will also be equal to this amount but positive in 
sign. Rain-drops always contain a certain amount of impurities; when evaporated 
to dryness, 1*00,000 parts of rain-water will give about 0-34 parte of solid matter 
and moat of this consists of sodium chloride and organic matter. This is equivalent 
to a concentration of 3*4x10-^ per cent. Experiments show that when drops 
are broken in a vertical blast of air or by striking against each other, they become 
negatiWy charged when the concentration exceeds 5x10-'® i^r wnt. ine 
concentration of impurities in rain-drops is so near the transition point that w e can 
develop very little positive charge by the breaki^ of 

T&e alternative tteory of ‘oarriera’ proposed by Wilson (1929) has 5^* 

subjected to erperimental tests by Gott (1933). In as much as the 
therein involves the capture of ions of either sign by a fallmg d^ 
eleetrio Held, the growth of charge in the ^p, starting from 
explained, but the field sets a limit to the ohar« w^oh the 

way. It is shown that in the presence of ions of both TfiSSi 

the drop collects no net charge in fields greater than a certain ontical field. In fields 


-v^L. xvm— No. a. 
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less than the dritioal field it colleote more ascending than descending ions and so gains 
a net charge, which does not increase indefinitely but tends to a limiting value. 
Tlio limiting charges observed are, for a field of 143 volts/cm., 0’68xl0”* e.s.u, 
and for a field of 196 volts/cm., O-Sl x 10*2 e.s.u., while in a field greater than 
536 voltfl/om., the charge acquired is negligible. The largest charge observed in 
the course of the experiments described by Gott was equal to about 10 e.s.u'. 
per drop and since the volume of a drop was 4-2 x 10”* c.c., this is equal tO'0'2 
e.s.u. per cubic centimetre. This maximum charge is slightly smaller than the 
actual average charge observed on rain-drops. 

There can be little doubt that the processes suggested by Wilson and Simpson 
are both in operation in clouds, in which a strong vertical motion exists. Probably 
also the jsollisions of drops, as outlined in Elster and Geitel’s theory, come into 
operation in some way in producing a separation of charge. Furthermore, in the 
upper parts of a thunder-cloud above the freezing level, the striking of ice particles 
against each other must make them negatively charged, the jwsitive charge being 
given to the air. It is, therefore, necessary to find out the relative imx>ortance of 
these various processes by studying the nature of the charges collected by individual 
drops in thunder-storm or non-thunder-storm rain and also whether these processes 
by themselves are sutlicient to explain the full charges on such drops and if not 
whether other, and more fundamental, i)roce8se8 come into operation. 

The main difficulties in understanding the mechanism of generation of 
electricity have been that no detailed analysis has hitherto been made of the charge 
on individual drops of rain. The observations described in this paper * were made 
in the years 1931 and 1932 in the Colaba Observatory at Bombay, and in 1936 and 
1936 at Poona. In addition to the Simpson’s apparatus for recording the charge 
of rain oollectc<l every tw'o minutes, an apparatus was set up in 1930 in the Colaba 
Observatory, Bombay, for recording the charge on individual drops of rain. These 
observations indicate that both positively and negatively charged drops are present 
in the rain falling from the different parts of a thunder-cloud or an ordinary cloud. 
When tlio rain collected in any particular interval of two minutes is positively 
charged, the result merely means that there is an excess of positively charged drops. 
Similarly wffien the rain as a whole in any small interval is negatively charged, 
there is an excess of negatively charged drops. The' average positive charge per 
drop is about 0-021 e.s.u. and the average negative charge per drop is about 0-023 
e.s.u. in non-thunder-storm rain. In thunder-storm rain, the average positive charge 
per drop is 0-051 e.s.u. and the average negative charge is 0-067 e.s.u. The average 
radius of rain-drops whose charges were measured is about 0-12 cm. In the 
classical experiments of Millikan, the oil drops were of radios 2x10”* cm., and on 
the average there were about 10 ions in a drop. In freshly formed clouds and in 
fogs, the particles have diameters of the order 10”* cm. Aswiiining that in a 
cloud-particle of this size thei-e are 60 ions on the average and assuming that a 
rain-drop of radius 0- 1 cm. has been formed by coagulation of the cloud particles, 
the total charge on the rain-drop will be about 0*023 e.s.u., that is to saj, of the 
order actually observed. The number of ions in a Millikan drop has been found to 
va^ from 1 to 130, and on the assumption of a similar variation, the chargp on a 
rain-drop supposed to have been formed by coagulation of cloud particles should 
be expected to vary within wide limits. Since the charge of an ion is 4*7 x 10“i® 
e.s.u., there must be in an average positively or negatively charged <h*op about 10* 
positively or negatively charged ions. Any satisfactory theory of generation of 
electricity in rain must explain how this enormous number of positive or negative 
ions attach themselves to rain-drops. Before we proceed to examine tbin and 
other points it is necessary first to analyse and collect together the observed results. 


1 The publication of tliis paper has been unavoidably delayed, and in the meantime a 
paper by Hutchinson and Chalmers has apjjeared in Qtiart. Joum. Boy. Met. 8oe., Vol. 77, 1961 



S. K. BAHKBJZ & 8. B. LBLB; BLBOTBIO OHABOB8 OF BUH>OBOFS W 

■ A preliminary account of these experiments was published in Nature, Vol, 130. 
p. 908-999, Dec. 1932. 

Although all the experiments were completed in 1035-36, the publication *of 
this paper has been long delayed. This was partly due to the fact that the 
observations taken at Poona showed that the charges on individual drops recorded 
at Bombay were about ten times larger than expected, and this was subsequently 
traced to an unfortunate mistake in the computation of the capacity of the recording 
system in electrostatic units, which gave its value ten times more than its real 
value. Owing to this mistake, the figures for charge per drop in e.s.u. would be 
one-tenth of those given in the above-mentioned article in Nature. The delay in 
publication is also partly due to my preoccupation during the War years. 


AB-UmR FIXED DISC 00'--0PENINGS IN DISCS 

CD-LOWER ROTATING DISC T-HOTOR R-RECEIVER 

PQ_ROTATINC SHAFT ' S— SULPHUR INSULATOR. ‘ 

M-MANOMETER L-CONNECTING ROD U-TILT ELECTROSCOPE 
W-WALL GH-CTLINOER WITH PHOTOGRAPHIC PAPER. 



Fio. 1. 


HSxPBBIMKNTaL ABBANOBMENT fob BBCOBUING CHABOE on INDIVIDOAL. 

vmrs OF BAIN. 

In HwiigniTig a suitable experimental arrangement for recording the charge on 
individual drops of rain, it is necessary to take every precaution with a view to 
avoid all spurious effects. The arrangement must be such that a drop enters the 
receiver without splashing on the side, and that a second drop has no access into 
the receiver until the charge of the first h<Ls been recorded and the appeuratus 
earHied. The electrometer for recording the charge most not only be hig^y 
sensitive but also dead-heat so that it can reo^ the ohar^ of drc^ in 
quick succession without intooducing firee vibrations of the system into the record. 
In pactice, it is not easy to satisfy all these conditums rigidly. 
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'rhe appkratuH uued, although somewhat imperfect, is shown diagrammatically* 
in tigore I and is divided into three parts, namely (1) the receiving system, (2) the 
insulated comieoting system, and (3) the record!^ system. The receiving system 
consists of an upper fixed disc of ^ameter 32 cm. with an opening in the form of 
a cylindrical funnel near the periphery. This opening, which can be adjusted to 
different sizes to suit different intensities of rain, is provided with trap arrangement,"^ 
us shown in the diagram, so that a drop striking the sides is caught and led away. 
It has on the average a diameter of 1*4 cm. Below this disc, there is a disc of 
diameter 27 cm., rotating uniformly round its central axis once in about 26 seconds. 
I'he rotation was maintained by a small alternating current electaic motor, the 
speed being reduced by double worm gears. Near the periphery of the rotating 
disc, there is a cylindrical opening with trap arrangement and of diameter 2*4 cm. 
Once during each rotation, this opening comes directly below the opening in the 
upper fixed disc. The diameter of the opening in the upper also has been 
determined by trial so that with moderate intensity of rain only a single drop will 
pass through lioth openings. A cylindrical vessel of diameter 7"8 cm. and of height 
6-0 cm. resting on double jacket sulphur insulators as shown in the diagram is 
placed directly below the two o^ienings and receives the drop. A manometer is 
attached to the receiving \ essel and gives a measure of the size and number of drops. 
The manometer is usually read by eye but a recording arrangement is easily made 
by making a beam of light focus the meniscus of the coloured oil column (a solution 
of Iodine in Turpentine) in the outer limb of the manometer on the same sheet of 
photographic paper which records the charge of the drops. It is not easy to arrange 
the experimental condition .so that each drop after entering the receiver flows into 
the manometer. If the level is suitably adjusted and a small quantity of water is 
allowed to remain in the receiver, then after one, two or three drops, depending updn 
their size, enter the receiver, a corresponding quantity of water flows into the mano* 
meter. Carefid eye obserx'ation is necessary to find out how' many drops have 
entered the receiver before vvater has flown into the manometer. If the drops are 
<»f very small size, the arrangement is not very sensitive and no displacement of 
the manometer occurs until 3 or 4 drops have entered the receiver. The shaft 
which rotates the disc also works a contact arrangement. As soon as the charge 
of the drop has been recorded, an arm attached to the a'xle makes an electric contact 
and excites an clcctro-magnet. The electro-magnet thus attracts, an earth 
connected lever which by making a momentary contact earths the receiver. The 
electro-magnet and the contact arrangements and all other parts except the end of 
the earthing lever were covered by earth-connected metal-sheets. 

The receiving apparatus was placed on a bracket fixed to the outer wall of a 
photographic room and cov'cred all round by earth-connected metal sheets leaving 
on the top sufficient opening for the rain-drop to enter the receiver. The wire 
ooimeoting the receiver wdth the recorder was made to passethrough a hole in the 
wall. An earth-connected metal tube was placed concentrically around the wire 
in order to protect it from stray electric fields. The insulators used in leading the 
wire from the receiver to the recorder were of sulphur and o£ the design shown in 
the diagram. 

Before the records were started all insulations were scraped and heated by 
heating lamps. But when the instrument was in operation all heat^ lamps were 
discoimected in order to avoid the effect of artificial fields. The recording 
apparatus consisted of a Wilson tilt electroscope. The gold-leaf was of length 
3-8 cm. and of breadth 1 mm. except at the lower end which was a reotangolar 
piece of breadth 3 mm. and length 2 mm. This rectan^^ar piece was twisted at 
right angles and a fine pin-hole made at its centre. Light firom a point source 
(a Path6-Baby Projector lamp) was passed through a small slit and focussed by 
means of a short focus lens placed just outside the window of the electiosoc^, 
was then allowed to fall as a transverse beam of length of about I mm. over the 
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,Ilin-llole. The transmitted light through the pin-hole formed a sharp’ point on a 
. photographic paper placed 12 cm. away fi:om the gold-leaf. A large magnification 
of f^e movement of the gold-leaf was obtained in this way. The photographicf 
.paper was wrapped round a cylinder which was rotated round a spiral by olo<^- 
work so ajs to give a speed ofT-2 cm. wr minute on the photographic paper. The 
driving clock was a pendulutn one and gave uniform speed, the time marks were 
obtained by cutting off the light at known instants. As each rain-drop entered 
into the receiver, a displacement of the speck was obtained either to the right or to 
the left of the zero (earthed) position according to the sign of charge and as the 
system was earthed immediately afterwards, the speck came back to zero. The 
intensity as well as the sign of the charge of drops was, therefore, given by 
the successive displacements either to the right or to the left. 

The capacity of the receiver and the recording system was 60 cm. Two volts 
applied to the receiver produced a defleotion of 0-9 cm. Therefore, 1 cm. of 
deflection was equivalent to 


2x60x10 
300 x9 


or 0-44 e.s.u. 


I'eat experiments. 


The following test exj^riments were made. A number of drops were allowed 
to fall on the receiving apparatus from an insulated metal funnel in which a coil 
of wire was inserted, and which was charged to a known potential with respect to 
earth. The diameters of the drops were determined by collecting a certain number 
of them and measuring the volume. Knowing the potential and the volume of 
each drop the charge per drop is easily obtained. The deflection produced'bn the 
photographic paper as the cumulative effect of a definite number of charged drops 
falling on the receiver is measured under a microscope and from this the charge 
corresponding to 1 cm. of deflection on the photographic paper is readily calculated. 
For instance, in one experiment the following results were obtained: — 


Volume of 200 drops 
radius of each drop 

Voltage to which the drops were charged 

the charge on each drop 

48 drops produced deflection of 

The charge corresponding to a deflection of 1 cm. is 


24 c.c. 

0-3 cm. 
80 volts. 

0*008 e.s.u. 
0*88 cm. 
0*44 e.s.u. 


The results of the calibration experiments are summarized in Table I. 

Simultaneously with the apparatus described above for recording the charge 
on individual ^ops of Ain an apparatus for recording the charge collected every 
two minutes was maintained in continuous action. This was of the usual Simpson 
type. • 

An electrograph recording potential gradient, with an ‘ionium’ collector was 
also maintained in continuous action. 


3. GhNBBAL discussion of the OHABOE of BAIN-DBOFS. 

The kind of records obtained on account of communication of charge into 
the apparatus by successive drops and the earthing of the system, as soon 
,as the charge of each drop is recorded, is shown in Plate II. In this Plate 
typical records showing the charge of thunder-storm rain-drops and of non- 
thunder-storm rain-drops have been reproduced. It will be seen that each 
drop produces an appreciable deflection and that in thunder-storm rain the 
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Tabi^ 1. 

Plate voltage of tilt electroscope 
Radius of an average drop . . 

Charge per drop . . 


190 volts. 
0*3 cm. 
0-008 e.8.u. 


Dropfl charged to -f 80 volts. 


Drops charged to —80 volts. 


No. of 

obHorvationB. 

No. of drops 
entering tlio 
receive) r. 

Defleciion 
in cm. 

No. of 

observations. 

No. of drops 
entering the 
receiver. 

Deflection 
in cm. 

1 

i 40 

0*76 

1 

40 

0*79 

2 

40 


2 

40 

0*71 

3 

40 

0-71 

3 

40 

0*74 

4 

40 

0-73 

4 

40 

0*71 

5 

48 

0*88 

6 

48 

0*86 

0 

48 

0*88 

6 

48 

0*88 

7 

48 

0*88 

7 

48 

0*86 

8 

48 

0*88 

8 

48 

0*94 

8 

48 

0*91 

9 

48 

0*91 

10 

48 

0*88 

L(» 

48 

0*88 

11 

48 

0*86 

11 

48 

0*88 

12 

48 

0*88 

12 

48 

0*88 

13 

76 

1*38 

13 

76 

1*44 

14 

76 

1*44 

14 

76 

1*41 

16 

76 

1*38 

16 

76 

1*41 

16 

76 

1*47 

16 

76 


17 

8ft 

1-62 

17 

88 


18 

88 

1*62 

18 

88 


10 

88 

1*62 

19 

88 


20 

8ft 

1*62 

20 

88 1 


21 

97 

1*79 

21 

97 i 


22 

97 

1*79 

22 

97 



Mean deflection per drop = ()*()18cm. Mean deflection per drop = 0*018 cm. 

I cm. of dofleotion = 0*44 e.s.u. 1 cm. of deflection = 0*44 e.s.u. 


drops are slightly more intensely charged than in non-thunder-storm rain. It 
will be observed that if the rain-drops are of diameter 0-2 cm., and if the centre 
of any drop falls anywhere within 0-1 om. of the periphery of the adjustable upper 
opening of 1-4 cm. in diameter, then it will strike the side and get discharged. If, 
however, its centre falls anywhere within the circle of radius 0-6 cm., then it will 
pass through. The chance of a drop of this size striking tHo side is, therefore, 2«-x 
()*7X0-1 : wX0*8x0-6 or 14 : 36. 

It w'ould be wrong to conclude from this that on the average every uhird drop 
w'ill reach the receiver with no charge on it, because the rotating disc below the 
upper opening completely modifies the condition. The rotating disc closes the 
upper opening in less than half a second. A drop which will strike the periphery 
of the upper opening will almost in every case be caught by this rotating disc. It 
is clear that only those drops which fall through near the centre of the upper opening 
will have a chance of passing through the opening in the rotating disc. It is, 
therefore, found in practice that a comparatively small number of drops reach the 
receiver without any charge. The general characteristic of the charge of thunder- 
storm and non-thunder-storm rain-^ops can be clearly seen from Table II' which 
has been based on the measurement of charges on 2,500 drops. In ntaVing the 
tabulations all drops were neglected whose charge was less than 0-006 e,8.u. 
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Tabm II. 


Charge per drop (e.a.u.) 



Positively charged drops. 

Negatively charged drops. 


Mean. 

Mean 

Blax.* 

Absolute 

Max. 

Mean. 

Mean 

Max,* 

Absolute 

Max. 

Thunder-storm rain . . 

0-066 

0-194 

0-244 

0061 

0-226 

0-374 

Non-thunder-storm rain 

0-041 

0-118 

01 96 

0-046 

0-122 

0*241 


* Average of maximum reetohed on different dates. 


It is to be noted that a drop of radius 0*1 om. and having 0-06 e.s.u. has a 
potential of 160 volts while if it has a charge of 0-26 e.s.u. its potential is 760 volts. 
It was noticed that when all drops whose charge is less than 0*006 e.s.u. are neglected 
in making the tabulations, the number of drops neglected is considerably more in 
non-thunder-storm rain than in thunder-storm rain. The results given above in 
respect of thimder-storm and non-thunder-storm rain-drops are, therefore, not strictly 
comparable with each other. Another table was consequently prepared .in which 
all (^ops whose charge was less than 0*001 e.s.u. was neglected; this was the limit 
up to which tabulation was possible under the microscope, with the sensitiveness 
adopted in the recording system. 

The results are shown in Table III. 


Table III. 


• 

Charge per drop (e.s.u.). 


Pos itively chsirged drops. 

Negatively chained drops. 


IIQIliyill 

Mean 

Max.* 

Absolute 

Max. 

Mean. 

Mean 

Max.* 

Absolute 

Max. 

• 

Thunder-storm rain • . 

0-061 

0-194 

0-244 

0-067 

0-211 

0-374 

• 

Non-^under-storm rain 

0-021 

0-118 

0-196 

0-023 

0-122 

0-241 


* Avera.ge of maximum reached on different dates. 

NoU: 


Thunder-storm rain. 

Number of positive drops tabulated . . . . . . 

Number of negative drops tabulated . . . . • • 790 

Number of drops n^lected . . . . . . 23 

(percentage 1*6) 
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Non-thunder ‘Storm rain. 

. Number of positive drops tabulated . . . . . . 1,070 

Number of negative drops tabtilated . . . . . . 1,288 

Number of drops neglected . . . . . . 297 

(percentage 12) 

It will bo seen that even with the limit of 0*001 e.s.u. the percentage of drops 
neglected in the case of non-thunder-storm rain was 12, while in the case of thunder- 
storm ram, it was only 1*6. It is probable that a certain number of these neglected 
drops reached the receiver tlischarged as a consequence of their striking the 
periphery. 

An analysis of the records shows that both positively and negatively charged 
drops are present in the rain received from any part of the cloud. When the 
Simpson apparatus shows that the rain received during any interval is positively 
or negatively charged as a whole, it is found that there is an excess of positively or 
negatively charged drops. When we analyse the figures given in Table II or Table 
III we find that both in thunder-storm and non-thunder-storm rain, the nogative 
drops are slightly more intensely charged than the positive drops. The mean 
charge per drop in thunder-storm rain is considerably greater than the mean charge 
per drop in non-thunder-storm rain. The mean charge per drop in the case of 
non-thunder-storm rain would probably become slightly less than the figure given 
if all the drops could be included in the tabulation. The absolute maximum value 
of charge per drop obtained during the period of observation in the case of thunder- 
storm rain considerably exceeds that in the case of non-thimder-storm rain. In 
order to bring out more conspicuously the differences in the charges of drops in the 
case of thunder-storm and non-thunder-storm rain Table IV has been prepared. 

At Poona, a Lindeman electrometer was used. The potentials applied to the 
plates were 4-30 volts and —30 volts. With these imposed potentials, the 
deflection per volt as observed tlirough the microscope was 6-5 divisiohs. The 
receiving system although of the same pattern was redesigned, using the mini mum 
amount of metal, so as to have as small a capacity a*s possible. The capacity was 
8 cm., so that a deflection of 1 division was equivalent to 4*8xlO~* e.s.u. (or 
approximately 5xl0~® e.s.u.). Of the 320 drops whose charges were measured, 
151 were positively charged and 169 negatively charged. The folloMring table 
gives an analysis of the charges obtained in these measurements 


Charge per drop (e.e.u.) 



Positively charged diops. 

Negatively charged drops. 

1 


Mean. 

Moan 

Max. 

Absolute 

Max. 

Mean. 

Mean 

Max. 

Absolute 

^ax. 

Thunder-storm rain . . 

0046 

()•!«{> 

0-126 

0-062 

0*166 

0-192 

Non-thunder-atorm rain 

0-020 

0065 

0-120 

0-048 

0*080 

0-106 


At Poona, the charges brought down by rain, as observed in these experiments 
were preponderatingly negative. 
















+2340 





Table IV. 
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that the heavy rainfall (represented by the ptxticm AC, on the rainfall oorve) was, 
on the whole positively charged. During the interval 82 positively charged drops’ 
and 48 negatively charged drops were recorded. The intense negative field which 
was attained during the interval BC, was deafly due to the removal of large 
quantities of positive charge by rain. This was followed by a decreaM in the 
intensity of rain and the drops brought down an excess of negative charge. During 
the interval CD, 16 positively charged drops and 30 negatively charged drops 
photographed. The removal of the excess negative charge, accompanied probably 
Avith a regeneration of positive charge, made the field to be^me gradually positive. 

6. Discussion of the oharoe on non-thundbb-stoem rain-deops. 

The electrical records of non-thunder-storm rain may be divided into three 
distinct classes, namely, 

(o) Those associated with intense negative gradient, 

(6) Those associated with comparatively feeble negative gradient, 

(c) Those associated with an increase in the positive gradient, large or small. 

Examples of all those types are met with during the South-West monsoon. 
I'roduction of negative gradient is, however, more common during a shower than 
the production of an increase in the positive gradient. We will now proceed to 
discuss the essential features of the various types. 

(a) N on-thunder -atorm rain aasoeiated imth intense negative gradient. 

A typical example of this is furnished by the record obtained during the passage 
of a nimbus cloud on the 23rd June, 1932 (fig. 6). The sky was overcast and rain- 
fall of about 5 mm. was recorded. As soon as the shower commenced the field 
decreased in intensity, became negative and reached a negative value of about 
860 V./M. The records show that during this period the rain was on the whole 
positively charged; of the drops whose charges were recorded during the period, 
20 were positively charged and 14 negatively charged. Increase in the negative 
gradient was clearly due to the removal of positive charge in excess of negative, 
thus making the cloud to have a growing increase of negative charge. Ultimately 
the excess of negative charge was so great, that the process was reverse'd and more 
drops with negative than positive charge fell and consequently the rain was on the 
whole negatively charged. The removal of the excess negative charge gradually 
led to a reversion of the field towards positive. It is remarkable how the fluctuation 
of the field responds to removal by rain of excess positive or excess negative charge. 
During the period marked PQ in the potential gradient record, a fairly large number 
of drops with positive charge fell, and the intensity of the field tended twice to 
increase towards negative. Similar remarks apply to the portion. LM of the 
potential gradient record. 

Another example of comparatively large negative gradient attained during 
shower is furnished by the records obtained on the 2nd September, 1932, (fig. 6). 
The fluctuation of the gradient is more complex in this record than in the previous 
one. This nimbus cloud appears to be a remarkable one, because the 2-minute8 
chaise record shows that throughout the passage of the cloud, the rain was 
positively charged. This is confirmed by the drop records. During the period 
66 drops were recorded with positive charge and 26 with negative charge. The 
fluctuation in the field in this, as in the previous case is easily seen to be dependent, 
to a large extent, on the rate at which positive or negative charge was being removed 
by the rain, the increase towards positive associated with the peak P in‘the 
potential gradient record followed the removal of a certain quantity of n^ative 
charge and so also in the case of the peak Q. The maximum n(^ative grt^ent 
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Fig. 6. 


indicated by the peak 0 , was reached, when the intooisity of rain deceased, and 
consequently positive chaise was not being removed as rapidly as before. IThe 
decrease in rain was apparently associated with a regeneration of positive charge in 
the cloud, and consequently the gradient tended to revert to positive, but soon 
afterwards the intensity of rain increased, a very rapid removal of positive diaige 
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.oommAaoed and ocn^quently the field became negative The reversion 

towards positive, in^oated by the peak 8, is associate with an increase in the rate 
of removal of negative charge. We see indeed from the portion marked vlfi in the 
drop record, that daring the period the negative charge was being removed at 
greater rate than before. 

{b) Non4hunder ‘Storm rain associated mth feelde negative gradient. 

The records obtained on the 10th July, 1932, (fig. 7) illustrate the case of weak 
positive gradient followed by a weak negative gradient attained during a shower. 



Fio. 7. 

The intensity of the gradient near the ground surface seems to be dependent 
on the' state of separation of positive and negative charges in the cloud, ^e 
intensity of separation of charges would appear to depend on the vertiori air motion 
in the cloud, the greater the vertical motion, the greater is the separation. On the 
23rd June, 1932, (fig. 6), the cloud was distinctly of cumulo-nimbus type and 
suggested considerable vertical motion and so also that on the 2nd Sept., 1932, 
(fig..6). On the 10th July, 1932, (fig. 7), on the other hand, the sky was overcast 
with moving nimbus cloud, in which the horizontid motion was more cwbm^ous 
than the v^ical motion. The low potential gradient under the cloud would thus 
appear to be due to very little separatimi of positive and negative diAiges m it. 
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The reduction of the poeitive gradient and its becoming negative towards the end 
is due to more positive charge being removed from the cloud than negative. 

An illustration of a slightly different type of feeble negative gradient is 
furnished by the records obtained on the 15th July, 1932, (fig. 8). On this day also 
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the sky was completely overcast with nimbus clouds and there was a strong 
horizontal wind. The drops reached the receiver in a very slanting direction. 
The positive and negative drops were more or less mixed up in the cloud and did 
not apparently become concentrated in the different parts of the cloud. Drops^ of 
both sig ns fell from the cloud. The reduction of the potential gradient to negative 
(marked P in the record) was due to a more rapid removal of the positive ohmrge 
than negative at the time. The subsequent increase in the intensity of rain'was 
associated with the removal of more negative drops than positive ; the field, therefore, 
reverted to poeitive. 
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Non-thufider ‘Storm rain associated tvUh an increase in the positive gradient. 

An example of the inorease in the positive potential gradient ia furnished by 
the records obtained on the ^nd July, 1932, (tig. 9). The inorease occurred during 
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the period (marked AB on the records) when the intensity of rain was i^ximum. 
The charge record shows that this inorease was due to a greater removal of negative 
charge from the cloud than positive. This was followed by a greater removal ot 
positive charge; consequently the field became negative for a short while, ihe 
held reverted again to positive soon after, as rain began to remove more negative 


charge than positive. , . . 

^e records obtained on the 30th and 3lst July, 1932 (fig. 10), lUustrete a case 
in ^oh, except on one occasion (marked A on the record), the gr^ent 
reached a n^ative value, and in general it showed a slightly Mgher y™®® th^ tro 
nwmal positive. Uns generally hig^r value appears to be due to the number ot 
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negative drops removed by rain being on the whole greater than the nnmber'of 
pcwitive drops. 



30-31, JULY, 1832. 
Fra. 10. 


The drop record shows 72 negative drops against 62 positive drops. The 
oomparatively low gradient throughout is obviously due to the charges no^ having 
separated much from each other; and the fluctuation in the field at any stage can 
be attributed to a greater or less removal of positive or negative dro^. The 
negative peak, for instance, is seen to have been preceded by an excess removal of 
positive ^ops and followed by an excess removal of negative drops. 

6. Akalysis op chabgb op rain-drops. 

We now proceed to make an analysis of the charge of rain-drops. The most 
important point to consider is whether the average charge per drop is consistent 
with the average charge per o.c. obtained with Simpson recorder. For the purpose 
of comparison we can take, as suggested by observations, tiie average radius of a 
rain-drop to be about 0-13 cm. and therefore about 100 drops to make 1 c.c. of 
rain. In making the oomparison we must consider <mly those portions of the 



Table V. 

Charge on single drops. 
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Mean 
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4th Sept., 1932 






































































S. K. BANBRJl & S. K. LELB: BLBCTBIC CMARQBS OF BilN-OKOPS 


116 


Tablk VII. 

Non4hunder~8torm Rain. 

Relationship between the volume of a drop and its charge. 


• 

Da to. 

! 

Period, 

• 

No. of dropR. 

Average 
volume per 
drop. 

Average) 
fhargo per 
positive 
drop, 
(e.s.u.) 

Avemgo 
charge per 
negative 
drop. / 
(e.s.u.) 

Po8i- 

tivo. 

! 

Noga- 

tivo. 

H. M. H. M. 

Slst July, 1932 . . 

08 06 to 08 10 

2 

4 

3 r)x I0-* 

0-067 

0-098 


14 to 14 55 

2 

3 

3 0 X 10-* 

0033 

0-042 


08 50 to 09 0(» 

6 

0 

29x 10-* 

0-037 

0-026 

2^h July, 19:)2 . . 



2 

20x 10-* 

0-032 

0*030 

loth July, 1932 . . 

07 51 to 08 02 

B 

10 

2 6x IO-« 

0-042 

0-048 

25th July, 1932 . . 

18 10 to 18 20 

8 

2 

2-5 X 10-» 

0-130 

0-t)01 

26ih July, 1932 .. 

14 40 to 14 50 

7 

B 

22x10-* 

0 031 

0-031 


10 44 to 16 50 

4 

B 

21 XlO-2 

0-036 

0*031 

16th July, 19.32 .. 

08 46 to t»8 48 

3 

B 

21 XlO-2 

0 054 

0*000 


08 10 to 08 20 

6 

11 

20 X 10-2 

0*109 

0*105 


08 02 to 08 10 

4 

8 

1-9x10-* 

0*093 

0*153 

16th July, 1932 . . 

08 10 to 08 20 

3 

9 

J-9y 10-2 

0*162 

0*094 

16th July, 1932 . . 

07 40 to 07 50 

6 

6 

1-7x10-* 

0*078 

0*129 

3l8t July, 1932 . . 

08 40 to 08 60 

4 

9 

1-flxlo-* 

0-167 

0*158 


08 50 to 08 53 

4 

1 

14x10-2 

0*118 

0*2U 

3l8t July, 1932 .. 

08 33 to 08 40 

8 

2 

1-3x10-* 

0-097 

0*095 


Simpson records which show predominantly positive or predominantly negative 
charge; correspondingly the drop records must show a preponderance of positively 
charged drops or negatively charged drops. For, as both positively and negatively 
charged drops are present in the rain, the calculated average charge per c.c. from 
Simpson .records must always be less than the average charge per c.c., if the drops 
which made the 1 c.c. of rain were either all positively or all negatively charged. 
It is oiily when we consider the portions which show high positive or negative charge 
that we can expect to get the nearest approach to charge per drop as actually 
recorded. The results of comiwirison for a few typical cases are given in Table 

Since only selected portions of records have been used in preparing the above 
table, the results can only be regarded as qualitative. 

It will be seen from the table that the charge of drops of rain as deduced from 
the Simpson records is always less than the average charge of drops given by the 
drop^corder. 

The relative proportion of positive and negative drops during periods wlwn 
the Simpson recorder shows predqpainantly positive or predominantly negative 
charge can be seen from the figures given in Table VI. 
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Table V III. 

M on-thumler-atonn Hnin. 


Dato. 

Teriod, 

Kain- 
fall in 
nun. 

Ratio of 
fK>8itiv© 
to 

nogativ<^ 

dropH. 

Average charge 
p€)r drt^p (from 
drop-rcM-ortler). 

Average cliai'ga^ 
jier c.c. (from * 
Sinipeon rtn-order). 

Foni- 

tivo. 

(©.«.u.) 

Nega- 

tive. 

(O.8.U.) 

Poai- 

tive. 

(e.a.u.) 

Nega- 

tive. 

(o.a.u.) 

11. M. li. M. 

23r<i iliin«\ 1032 . . 

10 30 to 10 -iO 

O-o 



(i-(i3t 

(1-00,5 

0-260 


0r> to to 05 50 

7 2 


0*041 

(1-039 

0-0) H 


jfiUJIlBH 

06 10 til 06 20 

7 1 

10: 3 

0044 

0-066 

0010 


^3r<l June, lU;t2 . . 

10 20 til 10 ;|u 

4-2 

mol 

0 030 

0-048 

0-079 

0-038 

HUQBfflJH 

06 60 to 06 0(1 

3H 


0-044 

0086 

0*172 


22nd July, 1032 . . 

00 (HI to 00 10 

3t) 


0*t)27 

0*041 

o-ooc 

0-004 

anti itwa . . 

<>6 30 to 0,6 4u 

2 0 

♦1 : 2 

thf)44 

0-054 

0-007 


2iui Sopi., 1032 

Oti 20 hi (Ul 30 

2*5 

7 : 7 

0*027 

0-041 

0*043 


l.lth .July, .. 

OH 10 to OH 20 

2*3 

3 : 0 

t)*l62 

0-006 

0-180 

(1(108 

22nd July, 1032 . . 

Oil It) to OVl 20 

M 

5 : 5 

0048 

0-032 

0-044 

0-041 

loth July, 1 032 . . 

lo 30 to 10 40 

■a 

<1 : 2 

0*055 

0-035 

0-034 

0-008 

2n<l 1032 , . 

00 30 to 00 40 

l-t) 

6 : 0 

0(138 


0-091 


loih .July, l«;J2 . . 

lU 40 to 10 50 

lo 

5 ; 1 

0-050 

0-068 


0-011 


11 20 U> 11 30 

0-0 

H : 2 

0-045 

0*050 

0'03l 

0-009 

P8ED8D39HI 

06 00 to 06 10 

OH 

7 : 2 

0-0.12 

0-078 

(1-20 


22n<l July, I!>;i2 . . 

08 .10 to lt» (Ml 

0-7 

6 ; 7 

0-068 

0-026 

0-0-17 


null July. ll»32 . . 

11 10 to 11 20 

0-6 

H : 1 

0-030 

0-047 

0*036 

0-029 

loth July, loaa , . 

10 20 to 10 30 

0’5 

7 ; 4 

o-t)r)i 

mm 

0-046 


23rd Juiu\ 1032 . . 

111 10 til It) 20 

<)•:> 

3 ; 5 

(1-033 

0-045 

jMjfflQIlll 

0-206 

30th July, 1032 . . 


0-4 

Id : 8 

0*131 

0077 

0-361 


loth July. 1032 . . 

to IHI til 10 III 

04 

m 

0-039 

0-047 

0-081 

. . 

2ik1 Sept., 1032 . . 

06 40 to 06 50 

0-3 

s 

(1-042 

0-084 

0-126 

. . 

lath July, 1032 . . 

07 20 to 07 30 

t)*3 


0-062 

— 

0-055 

. . 

0-017 

RBuDiESfiiHHi 

07 30 to 07 40 

0-3 

BBS 

0-061 

0-068 

0-043 


loth July, 1932 .. 

10 10 to to 20 

0 3 


0-044 

0-030 

0-060 

. ♦ 

23rd June, 1032 , . 

10 00 to 19 10 

03 

2 : 10 

0-039 

0-037 


0-269 







































































































































































Tabu: IX. 

Thvndtr ’Storm Rain. 


* 

Dai«. 

Period, 

Rain- 
fall in 
mm. 

Ratio ot 
positive 
to 

negative 

drofM. 

Average c^harge 
j^r drop (from 
drop-recorder). 

Average charge 
per o.c . (ftnm 
Simpeon recorder) 

Posi- 

tive. 

(e.s.u.) 

Neg»- 

1 IVO. 

(e.».u.) 

Poai. 

live, 

(e.s.u.) 

Nega- 

tive. 

(o.».u.) 

6th July, 1932 

21 20^ to 21 30 

10 8 

H : 12 

0-063 

0*063 


0*130 

6th July, 1932 

21 3(1 to 21 40 

16 8 

0 : 9 


0*037 

U-llO 

0*068 

4th Sept., 1932 .. 


9-7 


0066 

0*068 

0*013 

. . 

4tli 1932 . . 

21 30 to 21 40 

■a 


0 040 

0*067 

0*012 


4th Sopt.. 1M2 . . 

21 40 to 21 60 

80 

8 : 6 

*»027 

0*062 

0*023 


4th S« pt., 1932 . . 

21 10 to 21 2t» 

80 

BflQ 

0036 

0*0*44 

0*028 


5ih July, 1932 

22 20 to 22 30 

4 0 

0 : 19 

0041 

0069 


0*078 


22 oo to 22 10 

3-3 

Sh 

0*007 

0-116 

0*061 

0-029 


22 lo to 22 20 

2-4 


0*063 

0*084 

0*074 

0-039 

4th Sept., 1932 . . 

22 2lt to 22 30 

2-2 

11:3 

0^047 

()*060 

0*013 


6th July, 1932 . . 

22 0(» to 22 h» 

1-7 

10 : 16 

0031 

0*047 


0*042 

4tu sopt., ism .. 

22 30 to 22 40 

1-5 

HflDj 

0*063 

0*042 

0*0)3 


5th July, l»»2 .. 

22 10 to 22 20 

1-4 

6 : 21 

0*070 

0-041 

0*060 

0*076 

5th July. 1932 .. 

22 30 to 22 4t» 

14 

0 : 20 

0-044 

0*f>73 

. . 

0*064 

4th Sept.. 1932 .. 

21 60 to 22 00 

1-3 

0 : 9 

0*028 

0*040 

0*047 


4th Sept., 1932 . . 

23 10 to 23 20 

\\ 

6 : 7 

0*004 

0-091 


0*082 

4th H.>pt., 1932 . . 

22 40 to 22 60 

10 

5 : 6 

0*099 

0*082 J 

0-032 

0-069 

4th Sept., 1932 . , 

22 60 to 23 00 

10 

6 : 7 

0*041 

0-086 


0*049 

4th Sept., 1032 . . 

23 00 to 23 10 

0*9 

3 ; 12 

0-069 

0*052 


0*080 

6th July, 1932 

18 10 to 18 20 

0-9 

7 : 11 

0*133 

0*141 

0*017 

0-018 

29th Aug., 1932 . . 

17 3tJ to 17 40 

09 

7 : 10 

0*032 

0*038 

. . 

. . 

6th July, 1932 

18 20 to 18 30 

0*0 

9 : 16 

0*107 

0*166 

0-016 

0*011 

29th Aug..'l932 .. 

17 40 to 17 60 

0*6 

3 ; 10 

0-04O 

0-046 

0*109 

0-090 

6th July, 1932 

16 40 to 16 60 

0*4 

7 : 4 

0-039 

0-029 

0*201 


29th Aug., 1932 . . 

18 60 to 19 00 

0-4 

2 : 12 

0*033 

0-060 


0*272 

6th July, 1932 

16 60 to 17 00 

KD|| 


0*032 

0*026 

0*006 

0*143 

29th Aug., 1932 . . 

18 20 to 18 30 

ml 

DB 

0*026 

0*027 

0-180 

0-266 

. 29th iVug.. 1932 . . 

19 00 to 19 10 

0 2 

6 : 12 

0-033 

0*061 

• ' 

0*188 

6th July, 1932 

22 40 to 22 60 

0*2 

8 : 13 

0*076 

0-079 

0*384 

0*305 

29th Aug., 1932 . . 


■ai 

9 : 7 

0-022 

0*026 

0*276 

0*155 



0'2 

QQQfl 

002S 

0*016 

0*024 

0*086 

S9Ui Aug,. 1932 .. 

IS 10 to IS 20 1 

0'2 

6: 2 f 

0*036 

BHII 

0-S81 

0-104 































































































































































































































H. K. BA5IERJJ & S. B. LEUS: ELECTRIC CHAROES OF RAIX- DROPS 


IIH 


It will 1)0 from Table VI that when the rain has a predominantly positive- ' 
charge, the number of |K>sitive drops is in considerable excess of the number of 
negative dro{>8, being two or three times the latter, and when the rain has a pre- 
dominantly negative charge, the disparity in some cast\s is still gi*eater. It is 
iiiiix»rtant to note that scarcely tlie rain consists of <lrops vvhieh are all positively 
chargcfl or all negatively charged, 

'flic <|uestion whether the < harge of a drop varies according to its size is raJther 
ddhcttlt to s<‘.tth\ 

Since the state of elect rilication of ditfennt clouds a re. different, the condititms 
under vvhhrh the drops get eh ctritied in rlilferent clouds ar(‘ also different. There- 
fore, the charges of di’o|>si from one ehaid arc not strictly comparable with charges of 
drops lV<>m another cloud, Ncmetlu^less, if the <lata be arranged in the order of sizes 
of the drof's, We may b(‘ able to say whether in general the srnalhT sizes carry more 
or less charges than higger sizes. Table \ II gi\es a statistical analysis of the data. 

In preparing Table V'^ll certain periods have been taken in each of vvhieh the 
sizes of <lrops w«*rc more av less the same. The reason for doing this is that in 
practie<* it has l»eefi found very diiliciilt to identify an imlividual droj) whose size 
was not(»d by eye on the manometer witli tin* eorn^sjionding displacement on the 
(jhargt^ record, owing to tin* eirors involvfsl in noting down tin* time of siieeessiva* 
drops, which was tak(‘n to tin* nean^st half a minute. Moreov<'r, wlun the drops 
were of very small size, tin* displacement on the maii4)mc‘ter produccfl by an indivi- 
dual drop WHS very small, and conHc<(iiently, 4in such occasions, the displacement 
producetl hy three or four successive drops was nn asured ainl the moan size of a 
drop detcTmined, 

It will be seeri fnmi Tabh* Vfl that g4*nerally speaking the smnll(*r drojw have 
larger charge. 

In order to lind out \vln*tln*r (he cliarge of a <ln>p varies vvitli the int< nsity of 
the rain, vve* hav'e giv<*n in 'fable VIII tlie amount of rainfall recorded in intervals 
of |(( rnitinieK and also the average charge p<‘r <lrop, positive and negative, during 
each of tliese interv^als for non thumb r-storni rain. It w ill be seen that tin* charge 
per ilrop do(*s not umlergo any marke<l inen'aso or decrease with deereasc* in the 
intensity of rain. 

It is found that ev'en though rainfall remains the same during consecutive 
intervals of lo minutes the avt'rage charge jht dro]), piKsitive or negative, undergoes 
whle v^ariatioTi. Wt* see from the last two columns 4)btained from Simpson records, 
that as t.lie raitifall becomes lighter and lightc*r thort^ is a^gencral tendency of charge 
|KT c.o. of rain to increase. We must, ho\v(*vor, rera(*ml>er that as rain l)ccomes 
ligliter, the drops generally become smaller in size. Consequently in the same c.c. 
of rain, tliere will bo fnon> drops wiieii the rain is light than when it i.s heavy. The 
general inerease of charge per e.o. of rain as shown hy the Simpson record would 
thus appear to he in no way inconsistent with the charge* indicated by individual 
drops. Although the charge per dro]i shows generally no marked increase with 
decrease in the intensity of rain yet because the drops hec<une smaller and smaller 
in size w'hen the rain becomes lighter and lighter there is an intrinsic increase of 
ohargt* when compart'd with some standard size of drops. 

Similar featun's art* shown by Table IX in res|>ect of thunderstorm rain, 

7. Tukorv of c harge on raix-drops, 

Simpson’s ‘ hreaking-drop* theory of the origin of electricity of rain is based on 
his exi>eriraentHl resiilt sliowing that — 

(1) brt*aking of drops of water is accompanied by the production of both 

positive and negative ions, 

(2) three times as many negative ions as positive ions are released, thus 

leaving the drops charged |)ositively. 




3i8t Ju]y, id32 ., 08 40 to 08 50 4 9 16x10-* 1-55 0-157 0*158 3 59 0<i44 
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From the Mtngc of clou<l particleB (of awrage diameter 7x10“^ cm.) to the • 
HtHge of niiii dropH (of averagt* diameter cm.), there is an increase of 

timen (or a million fold increase) in tlie volume of each particle. It is now 
genenilly tluit only u small part of this irterease can he due to condensation 

and tlu' rest mus! he due to eoale.scence of partieles. 

Whih* theH<‘ exj^TiinentH t‘Xplaiu generation of charge on rain drops in those • 
f uHi-M ulu^re this proeoKH of breaking is operative, we gel no explanation as to whj' 
a drop whieh has i)een formed hv <'oalesi en‘ e of a large number of cloud particles, 
without hrt*Hking during eoagiilati<in, sliould l>e elcetricalLy charged. Simpson’s 
l>reaking-<lrop the<»ry, therefore, gives no insight into the general process of 
a< ((uirement of i harge by < loud parti< les. 

Since in the initial stage, ju.st whm <<)nd<umation has occurred in the cloud 
level, the paitirlrM of cloud Mi'^jiended in the air may he regarded as colloids, the 
best rnetho<l of n p[>roa< hing tlic problem is ohxiinisly to use the very large amount 
of knowledge- that lias Im’cu obtained in recent years in regard to the charge 
colloiilal [>art ic-h^, 

liefon* we proe<*e<l to diseuss this mattt-r, it is important to remark that Lord 
Ibiyleigh (liSS2) has shown that a cluirged spluTical drop must become unstable if 
(/*■ ♦•\(e<‘ds Hi tth®/ wlitui- Q is the cliarge, a the radius of the drop and T the 
suifaei* tension. It is si»en from this formnia that the maximum charge possible 
on a drop <if radiu.s H I (un. is HKe.s.u. and on drop ol radius J cm. O tie.s.u. 

It will l»e seen from ’fable X that the ratio of tin* actual charge to the maximum 
possible cluirgi' vari<*s Irom ^ to We also see that the ratio shows a general 
increi^ise with decrease in the si/c* of the ilrops. W hen we analyse the cliarg(‘H in 
the rain rlropM as determined by the exiMTimcnts ilt*Horihed in this thesis and 
compare lliem with those on oil <lro})s as found by Millikan in his classical cx|K*ri- 
menis, wi* get indirect c'vidctna* that the origin of charge^ on rain-drops is more 
fundamental than is postulated by Simjxson's theory. 

’Hie average railius of Millikan dro]) is 2xld‘“* cm. Millikan found that 
the numher of ions in a drop varies from 1 to Lib, the common value being about 
lo. As.suming that a rain-dr<*p of radius ]o ^ cm. has grown by coagulation of 
Millikan drops, its charge will l)e 

G OO A’ c.s.u. 

wdien' X n»i)r<\s(*nis the numher of ions in a Millikan drop. Taking A" to be IG, we 
lind the charge io lx* eijual to G-G e.s.u. Actually, however, the charge on a drop 
is of this amount or less. The charge could have been 0*(> e.s.u. if all the drop.s 
that couleseed oarric'il charges of the same sign. But since they would not neces- 
.sarily 1 m* of tlu’ same sign, the charge should be expected to be less than G-G e.s.u. 

We proceed now^ to liiul w'heth(*r on the assumption that the cloud particles 
are all initially colloidal [articles, the observed charge on the rain-drops will be 
accounted for. That tlu' growth of rain-drops can occur by- coalescence of minute 
ivirtieh's of water, all electrically charged, is confirmed by Lord Rayleigh’s 
exjx riineuts ( 1 878-7G). 

Now, tlu^ ex{K'riment.s on the oataphoresis phenomena show that the majority 
of tlu^ colloidal particles an* negatively charged \vhen they are suspended in water. 
This is in agrc'cment with tlie rule that w'hen twm substances are electrified by 
friction the substance with the higher dielectric constant takes on a positive charge 
(Lew is, A »vy **// /// of Physical Chrmisfry, \'ol. I, p. 334, 1924). Tlie same law would 
indicate (liat the majority of water particles sus|)ended in air should be positively 
charged in the same w'ay as air bubbles in water should be negatively charge^! and 
this is w'hat has actually been found by Ally (1924, 1926), 

The charge E on a colloidal w'ater ]>artiolc suspended in air will be given by the 
wnil-knowMi formula 
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’wheh5 r is the potential difference l>et\veen the water particle and the air in contact 
\rilh it, K in the dielectric constant of air, /> the thiekuerts of the Helmlioltz electrical 
doiible-layer, which is sujiposod to he Hinall conijmred with R lh<* radius of the 
'^f)ajrticle. 


^ Taking 


<to:u 

^ :hK) 


e.H.u. 


R 0001 cm. 

1 ) r> V lo^ « tTu. 

K I for air 


oo;u 

:m 5xio~« 

2 X 10^® e.H.u. 


t III connection with catapliorcsis it i.s necessary to realise that the movement 
of tln‘ eolloiilal ])aitic'l(‘ in an <‘l(‘cirie lii‘lil is only made possible' l>y th<‘ faet that 
^ thc‘re Is (X e(‘rt ain slip or ‘give between the two coatings of the d<ml)U‘ oicctrieal 
layer’. If the charges were iixed the particles ns a whole would have no effective 
charge and ^\oldd therefore remain motionless in tla‘ electric Held. Tlu* final stage 
in catapliorcsis must he, thendore, a polarisation of the eolloid-medium system, 
followed by a transf<‘r of eliarge on the layer mad(‘ up of the moleenb\s of the 
medium, to other eontiguous nioleenles. 

Another jsiinl of view is that the charge is diu' to the iiTnajual adsorption of 
the ions of elc'ctrolytes by colloidal particles. Those ions which an* adsorjK’d in 
largcT (juantity owing to their higher adsor|)tion jiotcntial, form the charging ions 
(aullailende ionen according to l^udi), their partners remaining in larger amount 
in the iiitermicellar liquid as comjK'iusative ions (GegenioiH‘n of Pauli). The oxochh 
of one kind of ions on the surface determines the sign of the charge and its density. 

In the (*arly stage afUT eondensatifin has taken place on nuclei and a cloud 
has formt?d, the growth of drops may be expt^cted to take place under the laws 
which govern the coagulatioir of colloidal particles. It is known that on addition 
of a very small quantity of electrolytes (ions) to sus])ensions, etnulHions or colloids 
the corresponding substances ar(^ thrown oilt of solution, llie ojKjration seems to 
be nf a physical nature. Hardy-Schulze’s law makes the important generalisation 
that ions carrying a sign opposiUi to that carried by the colloid arc the most active 
])rccipitants, and at the same time the liighcr the valency of the ions (i.e. the greater 
the number of unit charges upon it) the greater is its precipitating action. In the 
atmosphere, gaseous ions are present in such largo numbers that it is not difficult 
to imagine their jirecipitating action on colloidal cloud particles. 

Experiments with* a Wilson Condensation Chamber under ordinary tem- 
perature (IS"* C. to 30® C.) and expansion ratios ld)6 to 1-3 shows that as soon as the 
cloud hai formed, the particles have diameters varying from 4 ft to 10 /i. The 
colloidal w^ater particles suspended in air is therefore of slightly larger diameter 
than the colloidal particles suspended in water. On the other hand, ooronae 
measurements indicate that in cloud suspended in air, the partiolos have diameters 
varying from 2 ft to 12 while the diameters of fog droplets is on the average 5 ft. 

This process of coagulation by oppositely charged ions will undoubtedly be 
accompanied by a reduction in charge of the drop that w^ould be obtained by simple 
addition law^ A rain-drop of a radius 0-1 cm. which has grown l>y coagulation 
of particles of radius 0-001 cm. will contain 10« such particles. 

Since each particle has a charge of 2x 10“* e.s.u, the total charge on the rain- 
drop, if all the particles which formed it had charges of the same sign, will be 2 X 10* 
e.s.u. Actually, howwer, we find that the charge on a rain-drop is considerably 
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8malle? than thin amount. The decrease during coagulation is obviously due ta 
loss of charge in various ways, one of which is the coagulation of oppositely charged 
<lrof)H and the other is the loss of charge <lue to encount<?r with oppositely charged 
ions, 

ft has been pointefl out by Kobonitch and Kergin (1!)35) that adsorption of 
ions of opjKmite sign to the colloidal particle is one of the main factors in diminishitur 
tlie stability of the ef>lloid and causing its coagulation. of higher 

val«*ney, of larger s|)C‘eilic adsorption potential, than the initial compensating ions 
are adsorped, thf‘y ervtor the inner part of the outer compoiv-ut of the double-layer. 
1'his dirninishe.H the nuinlier (density) of <-lf‘ctric charges on the l>oundary between 
the licpiid nu>ving with th(^ particle and Mie rest of th(‘ li(piid and consequently the 
t^lectro-kiiietic or (-potential on this surfucc. Tin* latter being more or less 
aecurate <|uantitati\"e measure of repulsiv'o forct^s between particl(»s, these forces 
dfsTease t(M>, and the stabilit y of the system breaks down. 

With regard to the kinetics of the ehurgirig proecss, PantheiiUT and Moreau 
Hanot (UKUi). Iiav(‘ shown tlnil wlu ii tin* particle is so large that the eflFects due to 
diflusion of the ions towards the particle, and to mirror force.s, can bo neglected, 
the kinetics <if the charging of a spherical dielectric particle can be expre.ssed by 
the following e(|uation (assuming that each u)n striking the* surface of the j)art 
gives up its eliarge): 

Q=(\ n> /;o* ( - '. ' ■ "-L ^ , 

\ A +2/ 

wliere Q is the clmrgo acejuired by the j)artielo in the time t, a the radius, k the 
dielectric ecuistant of the particle, K the strengtii of tlie external electric field, v the 
number of ions per c.e., ii 1h<>ir mobility, and e the electronic charge. 

Til the work of. 1 . 1’. fjott , the ionic atmosphere was produced by means of X-rays, 
water drops of 4-4 mm. diameter were used, and the initial rate of charging was 
determined. The experiments of Kuchs, Petrjanoll' and itot/.ieg (1926) with oil 
drops gave results which are given in Fig. II. 



0 05 I rs 2 25 3 3’5 


RADIUS IN p. ► 

'A' t— 0 0165 sec. unee — S't8 A/SQ. cm. 
E— 556v/cm., n — rgexioVcc. 

‘B’ t— 0-0172 sec., unee — 5-51 A/SQ.cm. 
C— 732 v/ cm.. n — 2* 70X io7 cc. 

*C’ t— 0015 sec., unee— s’ia/sq. cm. 
e— 940v/cm., n-3-4xio7 

Fio. 11. 
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This shows that as the field strength inon^ases t Inert' is a rapid increase in the 
rat^* of charging. 

8. Conclusion. 

-The general agreement of charge on a raiii-drop obtained by the abo\e. 
4»iFutioned ccR^^erntion with tliat aettially observed would suggest that the process 

Besides tlu' growth of charge by 
eoagii;.aTon of collimial particles, the capture of ions by foriuetl water drops in Ii 
pre-existing electricalNield in the way deserihed by (lot! will lead to a geiu*rnl 
incroiise of chargt* up to a eertain limit and whenever the vertical motion is (d'sueh 
an order as to bn^ak the drojns, the charge will he further augnu‘nte<l by the Simpsim 
procojis. 

A nuihod of coagulation due to the relative rates of fall of <ioud particles of 
different sizes, which has been worked out l>y FindeiscuL Ijingmuir and otliers, 
must be in operation on a large scale in a developing cloml. Findeiseirs analysis 
(1937, 193S, 1939) slunw's that drops (»f size 2x 10-2 cm. would fall from a cloud of 
about 200 m. thick. 8x10 2 cm. from a cloud 1,0(M) m. thick and 14x10-2 cm. 
from a cloud 2.000 m. thick. Langmuir (1948) has worked out how accretion takes 
place l)y collision, taking due account of aerodynamic Ibnv. Since coagulation is 
the main process by which cloud parlieles grow' into ra in-drops, it is no wonder 
that in a raining cloud, there is a mixture of both ix>sitively and ne gatively charged 
drops. 

9. Summary. 

During the yenrs 1930-32, nn nppnrntus was mnintainocl in continnouK nctien'in the Colaha 
Ohsorvafory, Hcimbay, fnr roourding the electrio rharge (»n individual drops of rain. A droj> of 
rain in onlor have access int<i the insulated receiver lias tiist to pass through a fixc<l l*ut 
adjustable cylindiical ojx'ning of averag(* diameter 1*4 cm. and tljen thnuigh a He<‘<»nd oj>ening 
of diameter 2*4 eiu, at the periphery of a rotating disc. Both openings are provided witli trap 
arrangements so that a drop striking the sides is caught and led nw^iiy. The period of rotation 
of the djs<‘ is so adjusted that witli moderate intensity of rain a seeoncl drop may not enter Into 
the receiver until tlie eharge of the first has been recorded and the sysioin earthed hy 
on automatic device. A gloss manometer of ^'e^y fine lx)re is attached to the i-eceiver and keeps 
a record of the size and number of drops. 

For re<-ording the chorge given to tho receiver by o drop of ruin, a Wilson tilt elect roseo})© 
is u.Mod v'erym^^rly at its maximum sensitiveness, and tbe movement of the gold-leaf is photo- 
graphed by allowing light from a jK)int source to puss through a minute slit and a short focus 
lens and fall transversely as a narrow beam of about half the brea<Hh of the leaf over a fin© pin- 
hole* made at its lower end, w'hich is twisted at right angles to its plane. Tho transmitted light 
through the liole gives a magnified image of its displacement on a qipckly moving phoiograjMiie 
pap(u‘. All necos-sary precautions were taken to avoid the influence of the field of tho earth 
and any artificial field on th<^ <lrop8. 

This method of recording is of particular interest in view of the fact that tho Wilson tilt 
electroscope has not to our knowledge been used in tho paat as a recording instrument, Bimtib 
taneously with tlie abovS apparatus, a Simpson apparatus giving the charge of rain colleet^Ml 
every two minutes was kept in action. In 1934, onservations were rop<<ated at Poona with an 
independent arrangement in which a Lindeman electrometer was used. Pot<intial gradient 
was also* continuously recorded using a ionium collector. 

An analysis of the records show^s that both positively and negatively charged dipps are 
presGii^ hi the rain reoeiv'ed from any pert of the cloud. When the rain rec*eived durityi any 
interval is jiositively or negatively charged as a whole, there is an excess of positively 
or negatively charged drops. The moan ohaigo of positive drops is 0*021 e.s.u. in non-thunder- 
storm rain and 0*051 in thimdcr-storm rain, the mean eharge or negative drops is 0*023 e.s.u, in 
non -thunder-storm rain and 0*067 e.s.u, in thunder-storm rain. 

A detailed analysis of the observations lend support to the view that initially the cloud 
particles develop charge in exactly the same way as cxilloidal parti<'J<*s or parti<*les floating in a 
medium and capturing ions. The breaking of drops -by the Simpson process or the striking of 
one particle against another tends to augment the charge after they have growrn to a certain 
size * 

Wlien the cloud extends to heights considerably above the freezing level so that the 
particles get frozen into ice -particles, the striking of the ice-particles against each other will 
make them negatively chained. 



124 


S. K. BANftRJT S. R, r.Kl.K: El.ErTRK: niAEOKS OF RAm-PROFS 


Tho oX)i«'riin<>ntH w«-r« continuMl at Pu«na in 1935 and 1936, in which a Lindanuu) alaetro* 
mntar won tiw'*! in'<t<'ad of Hio VX'ilHon tilt cl<-<'tro*M'op«'. Am t'wh drop t-ntcred the receiver, the 
«'Mrge ri><or«li'<l wftM road Ihroiigh llm microwofje. 
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iNTROnUOTlUN. 

In Ills monograph on tho family Ifomaluptrrulap, Iloia (11).H2) after examining 
the oxtornal and a few skeletal ( haraetors rerorded that t-hc? niembera eiimpriHing 
the family may have been polyphylcti<‘ in ilu'ir origin and that tli<5 external or 
Biiperficial reaemblani es were due to ( onvorgc’rioe on a(‘CC)tint of their life in torrential 
waters. Further, he divided the family tentatively into tho llomalopteriruie and 
Gastromyzoninoe and derived tho two subfamilies from (jyprinid and eohitid aneestors 
respectively. 

It occurred to mo that a st udy of the cranial osteology of a few genera of the 
family might give us a better insight' into the t hissifit ation of these forms and accu>rd- 
ingly, 1 studied and published (Ramiiswami, DM 8) an account of the skull struedure 
of Bhavania, BalUora and Cast row yzon. At tho time', I wan n«>t in a ]H>sition either 
to confirm or disprove the ixilyi)hyletic‘. origin of tho Ilomalopteridito siiieo 1 hod not 
examined the oyprinid and cobitid genera which have been regarded as tho possible 
ancestors. * 

However, the award of a senior rcsc^awh fellowship of the National Inst itutes of 
Sciences of India has made it possible for me to devote uninterruptedly to an c^xamina- 
tion of the skeletal structures of the members of the Ostariophysi more th<»roughly. 
The material for this study has been partly made available to mo by the Direc^tor, 
Zoological Survey of India, to v^hom 1 am deeply thankful and has also been partly 
collo(!ted by me during my spec imen collection tours. 1 also propose to examine 
a few^ foreign genera m and when material bec^omes available. 

The results of my observations will be published in a series of papers and tho 
skull ot Oyrinocheilus kaznakoi Berg will form the theme of tho first paper. 

The systematic position of Oyrinocheilus was till re<;ently unsettled; it was 
jferfed to the subfamily Homalopterinac by Vaillant and later Kegan (1911) pointecl 
ut that to make it a type of a separate family or subfamily would bo to obsc ure its 
yprinid relationship and placed it next to CrossocheUtiH and Garra (I)iscognathns) 
1 the Cyprinidae. Hora (1923), however, by a study of the external c;hara<,'t<?rs of 
he fish, while admitting the similarities between Crossocheilns and Oarra on the 
ne hand and OyrinocheUus on the other, erected the family Gyriiiocheilidae to 
ccommodate it, a procedure also adopted by Berg (19^J). 

* Popta (1006) described a fish Paracrossocheilus bicornis from Borneo shomng 
reater siinilarities to Oyrinocheilus than to either Oarra or Crossocheilus; however, 
have not been able to study this fish on account of the paucity of material* 
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Observations.^ 

Th^ Hhtnoifl nyiofi : In the skull of (iyritujckfilus, tin? ethmoid is a prominent 
hofui anrl the supraeihmoid portion (figg. 1, 2, is particularly bro<vd and articulates 
immovably with the frontalg (tifi[. l»/r.) an in the ('yjtrinidm^ and Catostomi/lae. 
In (Jarrn (ti^. 3, h4^) it ig wider than long an seen in the dorsfil iigpect and the prevomer 
3, 4, apv) extends considerably in front of it as a ja‘(>jecti<m.^J*^f[,(,jfQ^.sr>r/K?7//'’< 
5, ) it is not so broarl as in (hrra leaving a small gap betweentho two p . 

ine projections. In the prevomerine e.Kt<*nHio»<S (ligs. 1, 2, apv) are 

in the torm (»t long anterior [)roce8s**K, one on either side of the posterior proress of 
the median rostral {pmr), Articulating on either side of the ethmoid (tigs. M), 
(t) ainl the provomer {pr) in (ilyrhKH'ht ilun^ (iarra and ( 'ahssiH'ht iln*^ there is a pre- 
ethmoid {pvt) with a rounded facet for articulation with the palatine (yxi/). 
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r iu. 1. Nkull of (ryriMOt'AcipM Bt'rg. Dorsal a^ptM't . 

Fi(i. 'J. 8kiill of 0. ktufmkoi Herg. Wiilral aapect: the pterotic region in tilted to sliow the 
lateral tem|x>ral fu^. 

In front of the ethmoid is the median rostral (tigs. 1-6, mr) and in GyrinochfiiluJi 
the rostnvl sltowg a long median process (tigs. 1,2, pmr) extending between the two 


♦ All tlgui>'« have hem drawn at a magniEcation of x 17 (approx.), except figures i0--l2a. 
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4 »revoiDeritie extensionB and anteriorly an expandwl portion (fig, 1, <awr)*whioh comes 
’in contat't ventrally with the rostral process {rpp) of the premaxilla. The posterior 
’portion of the median rostnvl also shows a wiuglike expansion on either aide very 
i’iear to w^hero it exi>aiui8. In Garra the two ends of the median rostral (figs, 3, 4, 
inrf we rounded and in the middle there is a dorsomcdian projection (dmp ) ; in ( 'mmh 
cieilus the middle portion shows two prominent lateral projei tions (fig. 5. dip), 
jn Oynwkiiluii, as already said, the premaxilla shows a short hut hroa(l rostral 
(t'j;?. 1, rpp) iiml the lateral limb (pp) is exceedingly slun't. In Garra arul 
( 'nwocheilitfi there is aiV^Jongatcd limb of t he premaxilla towards t he rostral (iigs. II (I, 
rpp) and the lateral limb (figs. 4, 0, Up) is short (GrumH'hrilu,^) or long (Garra). 

The maxilla in Gyrinochnlua shows as in the (Iypriiuda<> a premaxillary proe(‘Hs 
(figs. 1, 2, dpp), a ventral rostral process (rpm), a posteriorly directed fm’ot (prat) 
towards the provomer and a lateral process (Ipni) for the attachment of the adductor 
mandibulae ligament. In Garra (tigs. II, 4) and in Grom}cbrih(f< (figs. 5, (1) while 
the above processes are noticed, however, from the posterior faee of tht? rdkxilla, 
there are two articular finets: one (pvtn) directed towards the prevomer and the 
otlRT ( 2 )am) towards the palatiiu^. 



Fio. 3. Skull of Oarra muUya SykoH. Doreal aspect: the maxillae are pulled to nhow th« 
processee. 

Fio. 4. Skull of 0. muUya Sykes*. Ventral aspect: the bony proceM for th« homy pad in 
incomplete. 

The lateral ethmoid (figs. Ui) is a fairly large bone on either side of the 
ethmoid'frontal; in Gyrinochilvn the bone shows a long lac^rimal prrs esH (figs. 1, 
2, fe) and opposite this, there ds a short projection from the lateral ethmoid. 
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tli<i two l/Ut?ral Fthinoida ifXteiid posteriorly far into the optie forameu 
(hg. 2, nf) dofrally to the paraspheuoid (/xM), a feature not uotieed in any other 
ryj>rini<l MhIi stuflied i)y me. While in Uarnt (tigs. .’I, 4, fe) the lateral processes 
referretl t(> at)ov"(i arc; diminutive, they are feebly dev<4ope(l in OroHsocfteiluj^. 

Flafikmg the laft^al ethmoid in Oyrinochf ilu^, Garra and Crossocheilu.^ Uiere 
are live or six suborbital bones (tigs. l-t>, ftoi-ffoi\)y the anteriormost of which w 
UHually (ailed the laerimal {/). in Gyrinochf^Uafi^ the lacrimal may-^ronresentla 
uuiUxl tacrimorostral or a lacrimojugal. 




, rpm rpp 


— Ipm 

bam 

tV-?<7/ pet 





epi pie 




Ktn .*>. Skull of (Ham.). Dor«al aapeot. 

Kxo. a. Skull of r. (Ham.). VViitral asjn^ct. 

N’entrally, the shajK^ of the prevoraer difl'ers in the three genera; in GyrinochpihH 
the prevomer (lig. 2, pv) extends anteriorly in the form of two pro(‘es8es {(ipv) with 
an indentation in betwwu in which, tui alreaiiy said, the posterior limb of the median 
rostral (pmr) is setui. The posterior ^Hwiion of the prevomer is broad and a very 
tiny projection of it lies ventrally to the parasphenoid {/xw). In Qarra the anterior 
portion of the proromer (tig, 4, pv) spreads out {apv) and there is a long postero- 
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median <poriion; in Oroasoeheilus while the anterior portion of the preVomer (fig. 6, 
•jw) is not so broad as in Oarm, there is a blunt posterior portion. 

« The orbitokmjwal region: The supraorbitals (ligs. 1-fi, «vo), the firontals {fr} 
-^dth the supraorbital sensory canal («oc) ui them, the four {Crossocheilne) oe five 
• (GfJ^nocheilue and Oarra) suborbital bones excluding the lacrimal, the large orbito- 
e{phenoidB'(fig8.^2, 4, 6 , os, so) and the pleurospheuoids (p/^) and the anterior extension 
^ of the paritsphenoid dorsally to the prevomer are all c'ommon to the throe genera 
btudfed. Generally in the Cyprinidae, not much variation is noticed in the bones 
of this region. \ 

The interorbital septum in some cyimnids (e.g. Ijiiteo) is formcxl by a vontro* 
median portion of the two orbitosphenoids coming in contact with a dorsomodian 
}H)rtion of the parasphenoid in front of the optic*, foramen. In (}arra and Ggrino- 
cheilua the two orbitosphenoids ore wide apart and thus there is no interorbiial 
septum; in Croasocheilvs however, the orbitosphenoids and the parasphenoid form 
a typical septum. 

In each eyeball, there are two cup-shaped sclerotic bones. 

, The auditory region : The sensory c^anal does not jwias through independent 
ossicles in this region as in the orbital. On the dorsal aspect of the jctcrotic: region 
of (iarra and Croaaoche.ilus, the sensory canal in thcc intcrtemj)oral ossicular region 
(figs. 3, 5, tie) passes in the pterotic bone like the suj)raorbital canal in tlie frontal. 
Posteriorly, there is also a triradiaie canal coimec ting the? temporal and the oc <'ipital 
canals and leading to the lateral lino; the latt'ral limi) of this is very small. This 
is the supratemporal ossicular region. Similarly in Oyrinor-heUna leading from the 
supraf>rbital canal, the temporal canal passes in the pterotic* [irobahly representing 
the intertemporal of other forms while posteriorly, in the su.mu bones, it passes through 
the Y-shaped supratemporal (ate) region. The supratemporal establishes contact 
with the (Kc-ipital sensory canal mesially and anteriorly with the temporal canal 
and posteriorly with the lateral line ossicle (hw) on the post-fomporal. In these 
feature's Gyrinockeilna resembles the cyprinids closc'ly. 



Flo. 7. Lateral aapecst of the right upper jaw and opercular boncMi without the palatine of 
OyrinoeheUua kamakoi BeiN- 

On the ventral aspect, the sphenotic (figs. 2, 4, 6 , ap) and the pterotic (pU) 
show articular facets for the hyomandibula (fhy) in all the three genera examined and 
peculiarly in Oyrinodheilus (figs. 1, 2) and Croaaocheilua (figs. 6, 6) the pterotic shows 
a spinelike process (ppr) postmorly. 

4 
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The pr<M)ti<: nhows iti Oyrinocheilus, Garra and CrosffocheUus the orihcea (figs. 
4,0,//) fi »r t he exit of the branches of the iifth and mjventh cranial nerves. Similarly* 
in all the thrive examples, the external opi^ning of the posterior myodome (pmy) is* 
noticiHl botwetjn the lateral limb of the parasphenoid and the dorsally lying pleuro^ 
sphenoid; in addition an anterior myodome (fig. fi, amy) is also noticed in 
CromocheiluH. 

In Oyrinocheilus^ thoTi}^ is a large lateral temporal fossa (fi^. 2, ft/) bounded*' 
meHialiy by the opiotic (aj/i) and the pteroth’ (/>(^), posteriorly by the epiotic and 
anteriorly f>y the pteroth^. Dorsidly there is the parietal (pa) and forming the 
edge of the latter, the pterotic with the intertemporal (iU) ami supratemporal (ste) are 
present. Tlio subtempf)ral tbsfui (MJ) projects into the fossa above, A lateral 
temporal fossa is absent not only in (hrra and Crojt^iochetlvs but also in the other 
eyprinids si in lied by me. 

The shalknv subtemporal fossa referred to abov'c is formed by the three bones, 
vi/.., the prootic. the pterotic and the exoicipital in GyrinochHlns (tig, 2, stj)\ in 
Garra (fig, 4) and ( 'rrmocheiluM (fig. <>, stf) it is large and is bounded by theprootic, 
the epiotic, the pterotic and the e.xoccipital. 

The exot cipitals (fig. l, eoc) in Gyrivnchf^ilnH do not extend dorsally and form 
the root for the foramen magnum posterior to the supriioccipital as in the case of 
Garra (tig. 3, hoc) and < (tig. 5, (oc). They also do not show a fontanel^ 

ivH in the cyprinid examples. However, between the suprao<'cipital (tig. 1, ^o) and 
the exo<j<*ipital (hoc) on eiMu»T Hi(b' of the foramen magnum, there is a largo gap 
(//) very suggestive^ of a reminiscent fontanel in Gyrinocheiluf<. 



Fiq, 8. Lcitoml aHpo<?t of tho upper jaw and opercular bonoa, \s-ithout the nalatine of 

Garra mnUya Syken. ui 

Further, as in tho Cyprinidae and tho Cobitidao each exoccipital in f?ynnocAeftiis 
gives rise to a projec tion mosially (lig. I, ear) and between the projections of the 
exoceipital and the dorsal asi^ect of tho basioccdpital (bo) is the recess for the sinus 
impar which opens posteriorly by an orifice (seo) in each exoceipital. 

The basioccipital in OyrimKheilvs (tig. 2, bo) shows only two posterior projections 
(figs. 1, 2, php) which do not unite below the dorsal aorta;‘in Garra and Crosnocheilus 
(figs, 4, 6, php) there is a well developed pharyngeal proi-ess extending below the 
aorta and also an anteriorly expanded plate (hp) for the attachment of a hewny 

4B 
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.pad, *The absence of such an anterior proje<‘tiou for the attachment of a horny pad 
in Qyrinocheilus has already been noted by Kogan (1911). 

The supraoccipital (fig. 1, wo) roofe the foramen magnum in Oyriti^heilns artd 
between it and each exoocipital, aa already noted, there is a largo gap {If). 

* . The jipper jaw : The upper jaw shows the chturactoristio bones, viz., the 
Jiyomandibula (Kg«». 7i 8, 9, Ay), the metaptorygoid {mp), the cntopterygoid (cwp), 
theectopterygoidjecp), the quadrate (r/) with its posterior process (qp), thesymphudic 
(wy), the preopercular (pop) and the other opercular bones (op, iop, sop) associated 
with it in all the thrln) genera Oyrinocheilus^ (tarra and (*rossi)r}mlus. The pre* 
o|)ercular (figs. 7, 8, 9, pop) is large showing the ])a.ssage of the sensory canal (wjrx)) 
in it. While in these fcatures there is ( lose similarity of the upper jiuv hones in the 
three genera, there are however, some important difTereuces. The opcTcular of 
Oarra (fig. 8, op) and of (.kossochfilus (llg. 9, op) shous a large scujsory canal (wro) 
which connects the temporal and the preopercular canals. Tliere is also a prominc'nt 
process (opr) given off from the opercular towards the hyomaiulibula near the latter s 
pterotic articular fiveet; the 0 |)ercular of Gyrinocheilus (fig. 7, op) do<?s not show 
these two features. The posterior limb of the quadrate in (JyrivocMlus (or/p) is 
mesially lodged in a groove of the prt^opercular while in Garm (fig. 8, qp) and Gross, 
ocheilus (fig. 9, qp) the posUa ior process of the ejuadraie is lateral to the preopercular 
(pop). 



Fio. 9. Lateral aspect of^tho right upper jaw and opercular bones, without the jmlatino of 
Cr 0 saocheUu 8 Uuim (Hann.). 

FiO. 10. Lateral aspect of the right ramus of the lower jaw of Qyrinocheilua kavnakoi Borg. 

Fio. lOo. Mesial aspect of the same. 

The lower jaw : As in Garra (fig. 11) and Crossocheihis (fig. 12), the lower jaw of 
Oyrincr/heilus (fig. 10) shows the four bones, viz., the dentary (d), the angular (an), 
the sesamoid angular mesially (sa), and the retroarticular (ra), the last being a cartilage 
bone. In Oarra (fig, 11) and Crossocheilus {fig, 12) the dentary and the angular 
show the passage of sensory canals (sed, asc) in them ; in Oyrinocheilus (fig. 10) the 
passage of the canal was not clear. There is not much diflfercn(*e between the lower 
jaw of Oyrinocheiltis and that of the Cyprinidae except however, in the shape of the 
bones^ 

The hyohranchial apparatus: The hyobranehial apparatus of Gyrinocheilm 
shows many interesting features. There is a median basihyal (fig. 13, hh) lying 
dorsally to the two pairs of (lypohyala (AA|, hh ^ ; there are four median bony copulae 
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{Mp%-cop^) repre«enting the united baaibranehiab. As pointed out by Vaillant. 
( I iM>2} there are two pairs of gillrakers on the dorsal aspect of eatrh branchial arch 
and thcwr rakers extend in double rows on the dorsal aspect of the median copulae 
also. There are only Itco pairs of hypobranchs (hbi, fib^) in connexion with the 
tirst two branchial arches. In the cyprinid examples studied by me and in the 
( Jyprinidm-! in general, there are uniformly the tirst throe pairs of hypobranchSi 
the last tw'o pairs of branchial an hes being devoid of them. There are three pairs 
of pharyngobranchs {phi, pb^^, pb^) in thjrinochrilaji reprc^nting the first, the 
second and {>robably the fused third and fourth pharyngobram’hs. The fifth pair 
ol c«5ratobrHnchH (c6j) is thin and slender and is dcvoifl of teeth unlike what is noticed 
in the cyprinid examples stinlicd. The parahy«>id is attached to the basihyal by 
moans of two proces8c*H vvhile posteriorly it shows a winglike expansion resembling 
the cyprinid one. Thus in the (Kissession of two hypf»branchs, f<*ur copulae, thnn' 
pharyngobranchs and the (^dontuhius fifth jwiir of conitobram-hs, the hyobronchial 
apparatus of (Syrinochf ilus <lt(TorH from that of the Cyprinidao. 



Kio. II. Ijnteml iwpcK'.t of tho right ramun of the lower j«w of Oarra muUya Sykoe. ^ 

Kio. 1 la. MrwinI oupect of tho Muno. 

TAe IF eherian apjtaratuj^ : The Weberian apparatus is closely associated with the 
first four vertebrae and that in tho Ostoriophysi has been exhaustively described by 
previous workers (Sagomehl, 1885; Hora, 1922; Evans, 1926; Chranilov, 1927; 
Watson, 1939; Krumholz, 1943; Nelson, 1948). For purposes of comparison, I 
have draw'n a figure of tho Weberian apparatus and the first five vertebrae of Cfarra 
(fig. 14). In fJarra the short first centrum (cj) with its elongated dorsal *rib is 
devoid of its dorsal part. This dorsal part has, however, been notio^ in 
Labeo (Sarbahi, 1932) whwe it is described as the keystone p^. What exactly 
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• 18 ihe origin of this A -aliBpwl pie< o, it is diflioult to say now. It is vwy likely that 
just as ‘a large mass of cartilage which, in the lulnlt stage, when the centra of the 
second and third vertebrae have fused, bec^omes osaitiixl to form the neural spine and 
av'hes of the "compound” vertebra’ (Watson, ItWS*), this also represents an ossifica- 
tion in the region of the second vertebra and not first, and we are therefore justified in 
^calling it the? second neural arch anti spine (fig. 14, «<ij) as has been done by me. 
Hosvever, Matveiev (1929) anil Watson (1939) referred to n ptHuIiar ring of ctu-tilage 
surroimding the spinal cord in the region of the first vertebra and the latter autJior 
opined that it might bo the extension of the exoceipitals and in the adult it formed 
a bony covering for the cavum sinus imparis. The centra of the secoiul and third 
vertebrae are fusetl in Qarra as in LaJxo (Sarbahi, 1932); however, in the Gyprinidao 
Regan (1911) recorded that tlu» first two verit'brae were free. Anteriorly from the 
centrum of the mn-ond vertebra there arisi's a large dorsal rib in Uarra (fig. 14, prg). 
As ilescribod by Watson (1939) in the goldfisli, the neural arch in fbe rogi«m 
of the third vertebra in Garni may also bo an ossification in a large 
moss of cartilage in this region. The fourth vi^rtebra is typical and shows an 
clbngated dorsal rib (fig. 14, pr^) and a large nenral spine (WS 4 ). 



Fio. 12. I.Atorttl aspect <»f tho right ramus of tho lower jaw of CroaMcheUu$ latiua (Ham.)> 
Fio. 12a. Mealiil a«poot of tho Bame. 

Fig. 13. Hyobrancliial apparatus of Oyrinoeheilfus hiznakd Ihjrg. 

Associated with the second neural arch described above, there is tho claustrum 
(fig- 14*<*f) in Garra and it fits into the cupshap^ second bone, — the scapbium (ac) 
of bhe apparatus. From the scaphium there arises the thick interosseous ligament 
(/») m which the outer end of the interoalarium (tc) is noticed with its inner end (tho 
basidorsal portion) coming in contact with the neurocentral suture of the 8 e<'ond 
vertebra resembling exactly tho figure of tho cyprinid type of the Weberian api»ratus 
drawn by Chranilov (1927). From tho outer end of the ligament in Qarra, there is 
the large triradiato tripus (<r) ; a mesial limb of this comes in contact with the posterior 
part of the united centrum of the second and third vertebrae. Tho bent spmeltke 
postorior end of the tripus is attached to the anterior wall of the gasbMder. 

Watson (1939) derived the Weberian ossicles in tho goldfish somewhat dmo^tly 
from the previous authors. According to him, the claustrum arose as a membrane 
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in th<^ raf^«en< hymatou 8 mans in the Inner wall of the atrium ainus imparis. ' 
The 8 aphium wan of dual origin; the haaidorsul of the first vertebra united with a 
few mew re hymatoiis rell» to give rise to this scm oiid ossi<‘le. The intercalarium also 
aroH<‘ in part (the arti< ular proress) from the basidursal of the second vertebra and 
{)art!y as a H(»samoid bone (manubrium incudis). The anterior and articulating 
proi cHW^s of ih<^ tripurt were hasi ventral ilerivatives of the third vertebra; the main 
bfxly of it was deriv ed from a raew-achymatouH mass and the rib rudiment gave rise 
to the transformator processes which latter came in contact with the gashladdet. 



Kio. 14. Hight Irttenil vi<’w of tlio first (ivo vortohrao aiul VVetH>riftu of Oarra mullya 

^ Syk<'H. 

Kio. 15, Uight lateral vit'w of the first four vertebruo of Oyritwcheilus kaznakoi Uorg, 

With this as tho l»arkgr<nuMl if \vt« examine the Weberian apparatus of fJiyrino- 
chrihi.s^ certain important (litt'eroiices are noticed. The first thing that one notices ia 
the w'lnicircular an-h (tig. lo, na^) in front of the first vertebra. As already 
saiti, this may represent an assilicaf ion of an indep<‘ndcnt piece of ('artilage in front of 
the first pair of basidorsals. •lust as Watson (lOJfil) has labelled similar ossifica* 
ti«>u in the second-third verteltral regi»in as neural arch and spine, T have alsocalled this 
the first lu'ural arch in Oi/rinorheiliin (fig. 15, »Oj). The first vcrt<*bra is represented 
by the centriim (ci), a pair of dorsal ribs (/pi) or transverse processes according to 
older nomenclature, and the scapluum (not shown in the figure) which, following 
Watson (1959), is probably dorive<l from the basidorsal of tliis segment. The 
centra of the sooorul and third vertebrae are fusc<l and anteriorly, the centrum of 
the scK’ond vertebra shows a laterally <lirocte<l short dorsal rib (tpj) and a pleural 
rib ( 7 »rj) which has unitc<l with a similar pleural rib (^>- 4 ) of the fourth vertebra 
simulating the condition met with in the Catostomida© (Nelson, 1948). The third . 
Vertebra ia devoid of dorsal or pleural ribs; the neural arches and spines x>f the 
8 e<'ond and third vertebrae (fig. 15, wuj, n^j, nsj) are not fused but are independent 
as in the Catostomidae. The neural arch and spine of the third vertebra in Oyrin- 
oeheilu.^ is also expanded as in the Catostomidae (Nelson, 1948) and is probably 
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formed T>y the addition of the t nterspinous elements and representa, like the catoetomid 
one, a neural eomplox. Further, the neural complex also bears on either side a 
prominent process (p#) in Oyrinocheilfi«, which however, is not seen in Oatostomidae. 
In. the Cjrprinidae, the neural arches of the swond and third vertebrae arising 
independently of their bosidorsals unite to form a composite structure (Sarbahi, 
-<d932 ; Watson, 1939). There is a lateral sheliliko projection (A;»8) from the pedicel 
of Uie third vertebra in Gyrinocht^ilus mtMiially to the dorsal rib ((p,) of the sec^ond 
v'ertebra extending anteriorly over the united stn-ond and third centra. A similar 
shelf is also described in the Catostomidae by Chranilov (192t$) and Nelson (1948). 
The pleural rib* {pr^) arising from the centrum of the secoiul verf<‘bra inOlyriiioch^iluit 
and uniting with that of the fourth vertebra (pr^) leaves a large {.airaverlebral gap 
below the shelf referred to above betwec'n the third ami fourth vortel>rae. The 
neural arch {na^) and neural spine of the fourth vertebra ore slightly enlarged 
and there is a large intervertebral foramen (iv) between the thirtl and fourth neural 
arches. The pleural ribs of the fourth v'ertebra are not uniUvl mcsially to form a 
‘transverse plate’ as in the Catostomidae (Chranilov, 1926; Nelson, 1948) but each 
shbw's from its incomplete transverse projection an elongated posterior process, — the 
08 suspensorium (cm) representing the hattmapophyses of the segment and also an 
esophageal process (cp) supporting the esophagus as in the Catostomidat>. This 
arrangement of parts in the first four vertobrive of UyrimKh'iUts suggests a possible 
evolution towartls the catoatomid tyjM). 





Fio. 16. Pectoral girdle of the right aide of Oyrinodteilun kaznakoi lierg, 

^ Fio. 16a. Pelvic girdle of the right side of O. kaxnakoi Itorg. 

Fitting into the inner face of the claustrum in Gyrinocheilue (fig. 15, cl) is the 
gcaphium (not drawn in the figure) from the ventral face of which is a ligament in 
which a nodulelike intercalarium is seen. The ligament passes below the shelliike 
extension of the third neural arch and meets the tripus (<r). The tripus which is 
lodged in the paravertebral gap between the third and fourth vertebrae, articulates 
with the third centrum by a facet and posteriorly has a process which comes in contact 
with the gasbladder. 


* Followiiig tho nomenclature of Nelaon (1948). 
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The arraiiK<^n:ient of the firat four vertebrae and the dispoaition of the osBicieB' 
in (iyriruKht^iluM reneiiihleg more the condition mot with in the Catoatomidae and, 
tfiereforc, difl'era from the Cyprinid type. 

The girdles : The pectoral girdle of Oyrinocheilns (fig. 16) differs from that of Uio 
('yprinifl only in Hha|)o while all the bones of the girdle, viz., the supradeithrum 
{mcI}, the chnthrum {cle), the corm oid (co), the mesoi oracoid (mco), the postcleithrum^ 
(j^l) and the H<‘a[)ula (#c/i) are notu^cd. The pelvic girdle (fig, 16a) possessing a 
large pair of jxdvit* bones (bp) resembhm that of the cyprinid in shape also. 

Discctssiox. 

There are a few fcatim's in which the skull of (h/rinocheilm resc^mbles that of 
(Jarm ivnd (ho^.^ocheilas or tht^ Oyprinidae in general but there are a number of 
important fcaturcK in whi< h it differs. 

The |H>H8C!H.HiofL of a brorwl supriudhmoid [uirt of the ethmoid bone whi<‘h firmly 
articulates with the frontals and the aiiterolait^rally situated luxlule of ))one, — the 
prcv ethmoid artirulating with the anterior extension of the prcvomer and the ethmoid 
are chararteristh* of (Jyprinidao. In Oyriytocheilus also, the firmly united supra- 
ethmoifl porti(»u of the ethmoid and the pre-ethmoid are noticed. 

The pnmiaxillae and maxtllmj of Hyrmocheilm though showng the characU^ristie 
proceases noiictxl in the (\yprini<lm\ differ in size and disposition. The rostral 
process of th<^ premaxilla, howev<T, is very short and dfx>8 not lie dorsally to the 
rostral and the latiTal jirocess of tlu' premaxilla is also very short; it does not run in 
companionship with that of tiu* maxilla as in the cyprinhls. From the posterior 
fa(‘e of thi^ maxilla there i.s a largo prominent prevomtTine process in OyrinocheiluH 
while in tlu' Cypriuida<\ there are two; one for the articulation with the palatine 
and thf‘ other with the provomer. 

Th(' median rostral itself diftVis in shai)e from wdiat is seen in the Cypriiiidao 
The l)oni' is almost an< horsliaped and its recorded above, it is not overlain by the 
pnmiaxillary fjrocess. The |)osteromodiau limb is noticed between the anterior 
pn»jections of the prevomer. 

The prevc^mer of (hp iniH-hriln^^ in its anterior extensions and in its articulation 
with tin* pre-id lim(»id resembles the Oyprinidae; but the shape of the entire bone is 
V('ry different from what i.s st^en in the Oyprinidae. The long or sliort posteromcsial 
process so commonly met witli among the Cyprinidao is not so prominently noticed 
in ffyriniH-hrilns; the anterior processt's of the prevomer arc long and invariably 
in the^\vprinidae. the etlirnoid extends os a meiliau projeidion dorsally to the 
prevomer and this projiM tion is absent in (hfrhuKheilus, where how'ev'er, the posterior 
process of the rostral is accommodated in betw'een the two projections of the prevomcr. 

1'hc lateral ethmoid of (hjriiUKhdlus differs from that seen in the C^prinidae 
in two important re8}H'cts; while the lacrimal process (or laiTimojugal process) of 
the lateral ethmoid in (h/rinochfiliUH is long unlike in Gnrwa and Crossocheilus^ the 
{Posterior prot css is ('Oivsiclerably reduced. Further, on the ventral aspect, the lateral 
ethmoiils extend far p<Ksteri<»riy so as to underlie the optic foramen, a lEif^ature not 
met with in any eyprinul studied. 

In a numbfT <>f ejiirinids the ventral portions of the orbitosphenoi^s come 
together and project to me<'t a dorsiil process coming up from the parasphenoid to 
form an interorbital septum ; in others this septum may be absent. In Gyrinocheilus 
an interorbital septum is wanting. 

Tlio semsory ( anal bones conform to the cyprinid typo. The laerimal in 
Gyrinoeheitifs is a fairly long bone i omiiig in contact with the lateral aspect of the 
palatine. It is m>t possible to say if this bone represents an united lacrimojugid 
or hv rimorostral. There are six canal bones in the suborbital series inelud^g 
the lacrimal. 

In the pterot it' region the canal bones are not independent but are incorporated 
in the roof of the pt erotic ; there is one corresponding to the intertemporal or temporal 
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(wd a'posterior triradi&te one rorresponding to the su{Kratomporal, the latter eatablieh* 
ing connexion with the occipital canal xnceiaily and the lateral line poateriorly. In 
the cyprinids also, the intertemporal or temporal an«l the supratemporal are hot 
seen as independent bones but the canal passes through the dorsal as{>ect of the 
pterotie. 

There is a very peculiar feature in the pterotie region of GyrimKheilvu. There 
isds lateral temporal fossa which is bounded mesially by the epioth- and the pterotie 
and posteriorly and anteriorly by the epiotic and pterotie rcKiHH-.tivcly. iHirsally 
the parietal roofs it. In Ids description of the Oyprinidae, Hegiui (1911) did not 
refer to this interesting feature in Oyrinochtihtu, a siMndes of wlut'h he examined. 
The fossa in Gyrinocheilm does not correspond with the one tlemTibed by Regan 
either in the C'atostomidae or Cyprinidae. In the former family, he nUited that 
paired foswie were present in the temporal region ‘ojRin above and closed behind 
l>ut no posterior temporal fossae'. Similarly in the Oyprinitbu' he retonhMl that 
(hero were no tt^mporal depressions, *but supratempornl fossae more or U'ss distinct, 
open behind, roofed by the posttemporal and sometimes by the pterotie and jmrii'tar 
Acre present. Obviously, QyrinocheUvs in possessing a lateral temporal fossa which 
in being clost'd above differs from the Catostomidae ami in being closed behind 
(liffers from the (Cyprinidae. 

The auditory regitm of Gyrinoeheilva also shows a subtemporal fossa twcHmimodat- 
(*d in the pterotie, prootie and exoccipital bones like the l yprinids and catostoroids 
and this fossti gently projects into the lateral tem])oral fossa. 

In the (-yprinidtuj the tw'o oxoccipitals bound the foramen magnum ilorsally. 
They also extend mesially over the basioeeipilal (o form a eliamber for the 
actftmmodation of the sinus impar of the endolymphatic sacs; a lateral femwtra is 
also seen in each exoccipital. In Qyrinocheilvs, the cxmtcipitals do not hound the 
foramen magnum nor do they dux-loso fontanels. However, there is a large notch 
lu'tweeii the supraoceipital and each exoccipital suggestive of a reminiswnt fontanel. 

The basioecipital in Gyrinoeheilvs shows two projections jK)Htt>ri«)rly which 
liowcver, do not unite below the aorta and therefore, the condition rcsombloH that 
in the Homalopteridae (Regan, 1911). It has already been re<-orded by Regan 
that a homy pad covering t^e bony extension of the basioecipital, a distinguishing 
feature of the Cyprinidae is absent in Qyrinocheilm. 

In i)o»8e88ing the typical bones of the upper and lower jaws, Gyrinocheiim 
resembles closely the Cyprinidae; but there are at least three important differences 
noticed in the upper jaw of that species. In Garra and ('ronimcheilv», the vpercular 
shows a prominent process towards the pterotie facet of the byomandibula and 
also a sensory canal which connects the temporal (or mtertemj>oral) with the pro- 
oporeuJar. The opercular of Oyrinocheilus does not show these features. Further, 
the posterior process of the quadrate is disposed laterally to the prcoporcular in 
Garra and Croanocheilm while in Oyrinocheilua the process is mesial. 

There Are three important features in which the hyobranchial apparatus of 
Gyrinocff^ibiA differs from that in the Cyprinidae. There are three pairs of pharyi^o- 
brauchs and two pairs of hypobranchs in Oyrinocheilus whereas in the cyprinids, 
therefore two padrs of phau^ngobranchs and throe pairs of hypobranchs. The 
fifth pair of ceratobranchs is sieger in Gyrinoeheilvs and is devoid of teeth (Regan, 
1911) unlike what is seen in the Cyprinidae. The occurrence of double row of 
gill-rakers on the dorsal aspect of the branchial arches of Oyrinoeheiltts has already 
been recorded by Regan. Peouliatrly the rakers extend on the median copuloo 
also. In the (TyprinidM, the branchial arches and the copulao are free of rakers. 

The first foiur vertebrae are modified in Oyrinocheilus and resemble those in 
Catostomidae more than ^ose in the Cyprinidae. The fusion of the pleural ribs* 
of the second and fourth vertebrae by the side of the third centrum leaving a large 


* Following the nomenolatare of Nelson (IMS). 
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pararorti'bral wpice, the ahHen< e of dorsal or pleural ribs from the third vertebra 
and thfj {wissenKion of a horizontal shelf extending ov^er the paravertebral space 
referred t(» abovi^ and the jiartial covering of the tripus by the shelf and the occur- 
fence of mdt pervlcnt second and third neural arches and spines in Otjrinocheilua are 
all featurcH < omraon to the Catostomidae. But in (tynnarheilits the formation of 
the ‘transvfTse plate’ from the mesial aspect of the fourth pair of pleural ribs is not 
MO roraplete as in the Catostomichuf. In tlu? (Jyprinidae, the centra of the 
sec^ond and third vertebrae are fused; there is no extension from the pedicel of 
the third vertebra in the form of a shelf to cover the large tripus. Further, the 
transverse proeesHes are really the dorsal ribs (Watson, 19.‘1U), a point which I am not 
able to substantiate in ftf/riitorknh/s as I hav^t* not studied its development. Simi- 
larly 1 am not <‘omineniing upon the origin of tlu‘ Weberian ossi<‘les in (hjrin4)cheilus, 

Coiiolusioii: In order to awsess the systematic position of GyrinochMlus, it is 
nec^essary to lind out in what eharactt^rs the skull of tin? same resembles that in the 
e 3 rf>rinoids. in the nature autl disfsKsit ion of the ethmoid, in the general arrangement 
of the bones of th«' upper and lower jaws, in the disfsxsitioa of the sensory canal 
bones in the orbitotcirnporal and auditory regions, in the possession of a pre-ethmoid 
bone and of a subtemfioral fossa (hiriufKh ilns resembles c losely the Cyprinidae. 

These similarities < ould not be without signilit ance. Undoubtedly (hfrinocheilm^ 
must have taken its origin from a cyprinoid ancestor and probably movc4 parallelly 
with the Cyprinidae and Uatostomidae since the Welierian apparatus in the Siamese 
species is more catostoraul in t onstruction than cyprinid, but it deviated from the 
parental stock much, and it now exhibits the following differences from the 
Cyprinidae : 


1 . 




4. 


«. 

7. 

8 . 

9. 


10 . 


The shape of the rm'dian rostral is unlike wdiat is generally seen in the 
Cyprinidae. 

"I'he premaxilla does not show^ an clongaterl rostral process nor a large 
lateral limb. 

The palatine wliile showing an articular fac et for the lacrimal (lacrimo- 
jugal or lacriniorostral) possesses a long posterior process for the 
articulation of the entopterj’^goid. 

The pre\'omf‘r shows tw’o tdongaknl antoric^r processes and posteriorly, 
it is widened; a posteromiHlial pri>cess is barelj" indicated. 

The lateral ('thmoid shows laterally a prominent lacrimal (Iftcrimojugal 
or lacrimorostral) process while the posterolateral process is reduced; 
the veritroraosial portion extends into the optic foramen. 

The prootic region exhibits a lateral temporal fossa. 

The exoccipitals do not bouml the foramen magnum nor do they exhibit 
the lateral fenestra; the basioccipital does not show a large pharyngeal 
process uniting below' the dorsal aorta. 

The hyobraiu’hial ap]uiratus shows two hypobranchs and three pharyngo- 
branchs and the gillrakers extend on the dorsal aspect of the copulae 
also. r 

In the upjH'r jaw^ the open ular does not show' a process towards the 
hyomandibula as in Oarra and Crossocheilus, nor a sensory caaal in 
it; the iKisterior process of the quwlrate is not lateral but mesial in 
disposition. 

The W?berian apfwiratus resembles more the eatostomid type. 


A compiirison of the Hgiires of the dorsal and ventral aspeftts of Oarra, 
and Gyrinochnlu,^ reveals at once the differences between the cyprinid 
genera and the latter ; in the ahape* and clisposition of the premaxilla, of the prevomer, 
of the lateral ethmoid, of the ethmoid, of the nasal, and of the great elongation of 
the ethmoid region of OyrinocheiluH and in the absence of a fontanel bounded by the 
exoccipital and in the possession of a lateral temporal fossa, Oyrinocheilus differs 
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from Van a and Cros.wheilius in pi^riii nlar and in order to fiml out the probable 
pr^enitor from whieh (h/rinor)ieilus could have taken it 9 origin, I have eeorched in 
vain. The characters appear tiO bo ho aberrant that it hiws not boon possible to derfve 
^rinocheilNH from any native cyprinid genus that 1 have studied. I have not 
examined any exotic forms and in its mcKiitit ation of the first four vertebrae and in 
the dispc>sirion of the Weberian apparatus, (h/rifUM^heilu/^ resembles more the 
oatostomid of whii h no roprcvseiitative is found in India and ther(‘fore, I could only 
venture to say, at preaent, that tlio probable ancestor of (iijrinocheilutt may not be 
an Indian cy|)rini(l. 

In vioAv of the overwhelming diflerenceB between the (‘yprinid and (hjrinocJmhifi 
skulls, there is ample justification for the erection of the family (Syrinoi^heilidae to 
accommodate the single genus (tyrhiochtilus as has been done by Hora (1923). 
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KkV to LETTKFIINO. 

amr., anterior proooaa of rniHlian roftt ml ; amy., anterior myodom© ; an., angular; apt>., anterior 
projootionM of ih© prevomer; nq., articular fticet for lower jaw; aq*., articular facet for quadrate; 
fwc., genaory niurtl in the angular; «i/., anterior 0 |H>ning of the t rigeminofacialip chamber; hh., 
haHihyul; ho., bawioccipitnl; 5p., pelvic hone; C|, r*, <*a» of the firHt, second, third 

and fourth vortehrne; cA^, cAj, coj, cA^, c/ij, cemtoriranchiala I, 2, 3, 4, 5; ch., ceratohyal; cl., 
('lauMtrum; deithnini ; co., coracoid ; cop^, cop 2 f copf^, coj)^, vo\mh\o 1, 2, 3, 4; coji^, a median 
»rt.Mifi *fition posterior to ('opiila 2; d., doiitary; dip., dor»ol»itenil procesg of median rogiral; dm/i.. 
iot'Hoinctlian proct»HH of tnediaii nintral; dpp., dorsal premaxillary proc€*KS of maxilla; fA|, cA 2 » 
'Ajj, epihrarvhiala I, 2, 3, 4; cep., ©ctopterygoid, tnp., ©ntoptcrygoid ; coc.. exoccipitol; cor., 
ixoccipitel roof of thesinua irnpar; ep., eHophagea I procoaa; ff pi., ©[liot ic ; rpl., epiotic articulation 
fd poMt ternporal ; ei., ethmoid ; /Ay., articular facet in pterivtic and gphcuotic; ftna., articular 
facet m the maxilla ; /r., frontal ; AAfj, hhr^, hjqiohriuichifil 1, 2; AA,, AAj, hypohynl 1, 2; A/>., 
hony jdale for attachment of homy pad; hp^, horizontal projection fre^m third vertebm; At/., 
hyomaudihula; ic., intercalari urn ; ♦©/>., interoperculHr;ile., iutertem]M>nil region; te., intervertebral 
fomeu'ri; ;/., jugular fommen; I., lacrinioroKtral; Ic., lacrimort^stral projection of lateral 
othinotd; Ics., lateral extrascapular; let,, latera lethmoid; // , the rcminiHcent lateral feneatra 
hetwe*'!! th© Hupraoccipital and exoccipital: li., ligament; lira., loteral process of maxilla; lip., 
lateral hrnh of premaxilla; Ipm., lateral pniject ion of premaxilla; Itf.. lateral tcmj.oral fiKssn; m., 
ineihan articular facet of pelvic bone;tna., median preethmoid art icular faci t of ]>alatinf*; max., 
inaxillti; mco,, im^Hticoracoid; mp,, inetapterygoid; r/ir., modifga rostral; n,, nasal; u\, sensory 
canal in nasal; nuj, neural amh of vertebra 1 in fig. 15 and vertebra 2 in fig. 14; na^, 
neural arch of vertebra 2 in fig. 15; na^, neural orc'li of vertebra 4; n<»ural arch 

of vertebra 3; n.^^, neural spin© of vertebra 4; ©^ 2 ** spine of vertebra 3; ocl., 

outline of daunt mm; OfAj, oeh^, oth^, outline of opibrnnohials I, 3, 4; of., optic foramen; oio., 
outline of int©iv>porcular; oma., outline of maxilla; op., opeixnilar; opa., outline of palatine; Of>b., 
outline of pharyngobrnndui 3, 4; ope., outline of prt>.ethmoid ; opr., opercular process tow^ards 
Uyomandibula ; t}qp., outline of quadrate process; os., orbitospbenoid ; osa., outline of sesamoid 
angular; oss., pnijectiou of os suspensoria; jta,, |>ariotal; poA.. pterotic articular facet of hyo- 
mimdibula; p<U., palatine; pam., palatine proct>8s of maxilla; ]jas., parasplienoid ; pb^, 
pharyngribrancliH 1,2; pbm, unitcxl pharj'rigobranchs 3, 4; ;/c,, cartilaginous remnants between 
the boiu>s of the hyobranohial apfMiratim; pci., postclei thrum; pel.. preset hmoid; pAp., pharyngeal 
pnieess; pir., pleural rih; ph., pleuroapheiioid; jnnr., posteromediau process of median rostral; 
prnx., premaxilla; pmy., |>ostcrior m^xidome; pop., preopennilar; ppr., pterotic process; ppt,, 
pterotic limb of -temporal; pr., wunglike process of the mi^dian rostral; jtro., prOotic; prj, 
pr 4 , dorsal rilwi of vertebrae 2, 4 in fig. 14 and pieujal rib in fig. 16 ; pt., |M>st temporal ; pie,, pterotic ; 
pv., prevomer; pvm., pn^vomerine process of maxilla; pj, projootion from the neural eonjmlex of 
thifd vertebra; q., quadrate; qp., posterior process of quatlrate; r., radials; ra., retroeuxicular; 
rpm., rostral pmoess of maxilla ; sti., sesamoid angular ; mh., sphenotic articular facet of hyomaiidi- 
hula; sc., seaphium; sea., scapula; sed,, sensory canal in dentary; sd., siipradei thrum; sco., 
serxsory canal in opercular; se., supraethmoid portion of ethmoid; seo,, owning of the sinus 
impar in the exoccipital; sm., aymphysis meckelii ; so., siipraocoipital; so., orbitosphonoid in figs. 
4. 6; soj, so^, 0 O 4 , so^, so^, stiborhUals 2, 3, 4, 6, 6; soe., supraorbital sensory canal; sop,, 
gulKi))en;aila; sp,, sphenotic; sjyo., sensoiy canal in preopercular; spr., sphenotic process; ste., 
vHupratemporal region; stf,, subtemporal fossa; suo., supraorbital; sy,, symplectic; //., trlgemino- 
factalis chamber; fp|, Ip*, dorsal ribs of vortebm 1, 2; tr., tripw; Ira., posterior portion of 
tripus; e*, fifth vertebra. 


• Tliis pat>er was not accessible to the author. 
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Introduction. 

Hora (1925) otttablished the family P«ilorhyTi(*hiciae to acoommodate the 
ABsamese hillstream lish PsHorhynchui^ Mf^Clelland after a careful examituiiioti of 
the external (•hara<‘ter8 and also of the pharyngeal l>onc«. He point e<l out that 
each pharyngeal bone carriiid four teeth which were arranged in a Hingle row. Thiw 
feature associated with the i)re8en('e of a number of simple rays in th(^ jmircHl fins 
precluded the inclusion of Psilorhjptchus in thc^ Cyi>rinitiao. Similarly h(5 pointed 
out that the absence of barbels and the presemre of a free gasbladder in the abdominal 
cavity separated it from the Homalopteridae and (Jastromyzonidae; and from the 
Cobitidac, it is distinguished, ‘by the presence of large scales, by the presence 
of several simple rays in the horizontally placed |)aired lins, by the absence of barbels 
and in its general fa<ues’ (Hora, 1925). 

In <lcscribing the family (diaraciers, Hora (1025) again referred to the nature 
of the arrangement of the teeth on the pharyngeal bones and with regard to th(3 
gasbla<lder, he i)ointed out Uiat it was normal but reduced and ac<*ording to him, 
‘it is either entirely free in the abdominal cavity or is pirtially covered by bone. 
The posterior chamber is very small and the anterior is covered by thick fibrous 
coat.’ Obviously there is difiference in the nature of the disposition of the gas- 
bladder in these species. A progressive degeneration of the bladder is noticed in 
both species of Piiilorhynchus^ viz., balUora and sneatio. 

It was suggested to me by Dr. Hora during our discussions on phylogenetic 
studies, that 1 should also examine the small hUlstream eyprinine fish Parapdh- 
rhynchiis Hora which closely resembles Psilorhynchus, Accordingly specimens of 
Parapsilorhy^chu^ wer6 made available to me from the collections of the Indian 
Museum, Calcutta. Parapailorhynchxis differs from Peilorhymhus in three import- 
ant external characters, viz. , the possession of two cylindrical barbels, of the con(oale<i 
upper lip and of the commencement of the dorsal opposite the ventrals (Hora, 1921). 
The gasbladder in Parapsilorhynchus is typically eyprinine in having an anterior 
and a posterior portion. 


Obsbbvations. 

I have examined Pailorhynchm sucatio (Ham.) and Parapsilorhynchm tenia- 
cvlalve (Annandale). There is a general flattening of the skull in both Pnilorhynchus 
and Parajmlorhynchus which is obviously an adaptation for hillstream life and the 
former is also known to burrow in sand; in the specimen of Psilorhynchua examined 
by me, the skull appears to be comparatively longer than in ParapsilorhynchuB. 
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TiBXT>rKO. 1. Dorsml agpoot of tho skull of PttiU^rhynchus j^rnmio (Hum.)* 

'faxT-Tia. Voutral aapooi of tho skull of P. mmtio; tho palatiuos, tho nnaals and the 
poHtdoin^Kiraltt are not drawn. 

Tiuit fio. 3. Tho upper )aw of P. »uc(Uio; the palatine is not drawn. 

TwcT^no. 4. Tlio hyobran«*hial np|>4\rotu« of P. 

VisjLT fiu. 5. Lateral view of tho loft ramus of the loader jaw of P, 9 ticatio, 

Text - no. 6. Mesial view of tho loft ramus of tho lower jaw of P. micaiio. 

Text-fiq. 7, The caudal fin skeleton of P. sticolio; the fin rays are not drawn. 

TEXT*ria. 8. Anterior view of the Weberian ossielcs and gasbladder of P. sucatio, 

Text-fio. 9. Ventral view of the Weberian ossiclea and gasbladder of P. sucatio; the 
08 suspensorium is drawn on one side. 
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' ‘The ethmoid re-gion: The premaxilla in PMlorhynchue and ParapaUorhynchua 
wow the characteristic cypriniil rostral pitx'ess (tigs. 1, 2, 10, 11 , rpp) which how- 
ever, does not sit on the median rostral {mr) hut is away from it. The lateral limb 
(figs. 2, 10, 11, Up) is bent almost at right angles t4> the hurfrontai one carrying the 
\u8tral proc'ess and shows an expanded posterior part. The maxilla of PAilothgnchus 
shovrs two jieculiarities: the dorsi^l prcwaxillary process so prominently noticed 
ii^ the cyprinid maxilla (tig. 10, dpm) is absent in it. Further, the prevomerine 
process (figs. 1, 2, pvm) of the maxilla in Psilorfignliruj* shows a very short rostral 
process (rpm) which unlike that in the cyprinids (tigs. 10, 11, r/o/i) does not form a 
fork with the dorsal part of the maxilla (tigs. 1, 2, max) to hold the pn^maxilla in 
it. The maxilla also shows a small projection (tig. I, pma) towards the })alatino 
and an elongated one (pvm) tow'ards the proeoroer in Pmloihuiuhue. 

The median rostral (tigs. 1, 2, 10, II, mr) in both PrilarhijnchuH and ParajmU)- 
rhynchus is a short rodlike structure with tw'o dorsolateral projections (dir) for the 
attachment of ligaments from the rostral processes of the maxilla. 



Tbxt-mo. 10. Doraal aspect of tho skull of ParapaUorhynehun tentaeulatim {Annandole)i the 
palatine and the post-temporal are drawn on one side. 

Tazr-no. 1 1 . Ventral aspect of the skull of P. tentaculatiu > the palatines are not drawu and the 
post-temporal is shown on one side. 

Tnz-no. 12. The upper jaw of P. tentaeuiatru; the palatine is not drawn. 

The snivaethmoid part of the ethmoid (fig. 1 , se) is very broad in PnlwhynehM 
and extends in the form of a projection (p) in the midtile. ^ In Parapstwrhyneh^ 
(figs. 10,11, ee) it is not so broad and is seen as two lateral winglike extensions dorsuly 
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to the prominent pre vomerine projection (apv). In front of the ethmoid in Psilorhyn- 
rhns (rtg. 1, tt) dofHally, the provomerine projei;tion (apy) is seen and on either side 
of these two, i.e., the ethmoid and the provomerine projection, as in the Cyprinidae 
(tigs. iO, 1 1 the pro-ethmoid (figs. 1, 2, pel) is notic^. There is a largo median 
indentation in the posterior border of the supraethmoid (^e) in PsilorhyrichuH cameA 
by a fossa (bg. 1, ff) notictKl between the sapraethmoid and the fron^als (/r); in 
i^arapmlorkynchuH this is absent. 

In P.^ilorhynchnu, the lateral ethmoid (fig. 1, Ut) is seen in the dorsal aspect 
only partially niw a the lateral extension of the frontal (fr') covers the posterodorsal 
part of it. Ventrally the lateral ethmoid (fig. 2, lei) forms the floor of the anterior 
orbitotemjKJral region. In Parapsilorhy fichus ^ a large part of the lateral ethmoid 
(lig. 10 , U i) is Hec'ii <lorsaUy as in the other cyprinids but ventrally, it (fig. 12, let) 
docs not extend /is far i>osteriorly as in Psilorhynchus. In both genera, the lateral 
|>rooosseH, viz., the la<Timiil process and the one on the opposite side are poorly 
(levelofxMl, thereby differing from the Homiilopteridae and the Gastromyzonidoc 
where thos<5 procosscs arc well dovc?loped. 

The lacTimal (figs. I, 2, Ir) is excessively enlarged in Psilorhynchus^ a featme not 
notic ed in any cyprinid studied by me (figs. 10, 11, la) and is very suggestive of the 
•ondition met with in the Homalopterklae and Gastromyzonidae. IVobably the 
lacrimal of Psilarhynehus represents a uniUni lacrimal and rostral, the latter being 
a sensory canal ossiole in front of the lac rimal in forms whore these can be seen 
Hi^IMvraU^ly ; it may not be a fused jugaldai rimabrostral since there is a large ossicle 
[posterior to the lacrimorostral probably representing a jugal (fig. 2, In Para- 

pnilorhynehuH the lacrimal (figs. 10, 11, fa) is not enlarged and is as in any other 
ryprinid; there is no rostral sensory <‘anal ossicle in front of the lacrimal. How- 
ewer, there is a thin ossi(’U^ behind the laiTimal wiiieh may bo the jugal (^oj). Hoili 
in PsilorhynehuM and ParapsiUjrhynchus^ the sensory camels are not separate but are 
in' orporated in the lacrimal (or lacrimorostral, fig. 2, sc) and jugal; in the Homal- 
npt<Ti<lae, the sensory canal is in<lependent of the lacrimorostral. 

I pnder t() consider the |)alatine here, though it forms a part of the up|>er jaw. 
In l^silorhynchus^ the palatine (fig. I, /Kif) is elongated and the ant/orior third of it is 
noti«’CMl in association with the Uvi'rimorostral ; tliis articulation is suggestive of the 
facet (h^volojM'd either in the |)alatine of Cirrhina (Cyprininao) to articulate wbth the 
lacrimal or as that in the Homalopterid examples. In Psilorhynchus the palatine 
shows a short |K>8terior portion (fig. 1, opa) projecting ventrally to the supraethmoid 
for articulation with the entopterygoid and towards the pre-ethmoid, it also shows 
an articular facet. In Parapsilorhynchus, though the palatme is not so elongated 
as in Psil4>rhyuchns, there is a pnijoi tion towards the maxilla and the other processes 
are i\s in Psilorhyuchus, 

The ixlontulouH pro vomer (fig. I, npv) of Psilorhynchus extends in front of the 
othmoul(c/) a feature also notieexi in the cyprinids (fig. 10, apv). The bone is not 
broad in Psihrhynchus (lig. 2, pv) but shows a long postenor process (ppv); in 
Parttpnlorhyuchus the lK)ne is very broad (fig. 11, pv) and the posterior process 
{ppv) is very short. ^ 

The orfntoirm^)ornl region: In Psilorhynchus^ the frontals (fig. 1, fr) are wide 
and laterally they extend over the optic region; between the two frontals and the 
posterior edge of the supraethmoid (se), there is a median fontanel (fig. 1, jV) included 
which appears to be peculiar to Psilorhynchus, In no other cyprinid including 
Parapnhrhynchus is su<^h an ethmoid fontanel noticed. In the Gobitidae, between 
the frontals and parietals there is generally a large or small frontoparietal fontanel; 
in the Gastromyzonidae, a few genera like Vannianenia^ Crossostoma and Olaniopsis 
show frontoparieU^l fontanel. According to Sagemehl (1891) no importance need 
he att^iohed to the occurrence or otherwise of the latter fontanel in fishes since it 
appears to be a fortuitous character. The occurrence of fontanels either in the 
anterior or posterior dorsal region of the skulls of hillstream and sand burroiving 
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• Oobitidae which are mud>dwellers may oot be, however, without 

significance. 

The orbit is vwy large in PftihrhynchifA since it has to accommodate a large ey% ; 
tl}^ is also a feature noticed in Pamp^lorhynchm. 

Two small supraorbitals (figs. 10, 11, «wo) are noticed in Parap«ilorkywhu«', in 
PsUorhynchm, the bones iure completely wanting. 

, On either side of the fiontals in PmHorhyit^ui*, posterior to the lacrimorostral, 
there are four suborbital sensory canal bones, the first of which is fairly large (fig. 2, 
so*) and has been compared to a jugal. In the frontals the supraorbital canads 
(soc) run and the two aro conne<!tod by a commissure (rr). In Pampsilorkt/nehM 
there are only three sulKirbital sensory canal ossicles (.w**, ^!o*, W4) pf»storior to the 
lacrimal and the supraorbital canals which run in the frontals are not connected 
together by a commissure. 

The orbitosphenoid (figs. 2, 11, ©•«) and plourosphenoid (ph) bound the optitt 
foramen {of) anteriorly and laterally both in PnUorhif»chnx and Pampnihirhynehuit, 
It* was noticed, however, in Oyrinochfilns (Ramaswami, 1 952(f , in press) that the 
iMeral ethmoid extended so far posteriorly as to bound the optic foramen ventraliy 
also. In Pnihrhynehm and Pampailorhynchus the orbitosphenoids and the under- 
lying parasphenoid do not form an intcrorbital septum. In the ventral view of the 
skull of PuilorhynehuM and Parapxilorhynohnft, between the pleurosphenohl and the 
parasphenoid the opening of the posterior my<Klome (figs. 2, 11, pmy) is noticed 
through which the posterior rectus muscle of the eyeball ]>aHscs for insertion inside 
the myodome. 

In PsHorhynchuti the parasjthenoid (fig. 2, pim) shows a forking in the posterior 
region as in (Vosyochcilus, one of the ( Jyprininae stiulied by me. Su<‘h a forking is 
not seen in the fMvrasphcnoid of PnrapsiU>rhynchni*. 

In each eye-ball, there arc two cup-shaped sclerotic boin's. 

Thp oceipifo-awHfory region : Dorsally this region shows the two parietals (fig. I , 
pa); the sphenotic (figs. 1, 2, sp) discloses a short spinelike process (spr) anteriorly 
and peculiarly, at the region the sphenotic comes in contact with the ptorotic posterior 
to the hyomandibular articulation, the two are separated by a gap. Ventraliy the 
sphenotic shows a single articular ^-et (tig. 2, shy) for the hyomandibular articula- 
tion. In Parapsihrhynchus the sphenotic shows a sphenotic process (figs. Id, 11, 
apr) and dofsally, there is an independent sensory caiml ossicle (fig. 10, tos') sitting 
on it connecting the supraorbital (soc) canal with the tem{X)ral (;anal (fc). V^entrally, 
the sphenotic shows a facet (fig. 1 1 , shy) for the hyomandibula which is in close 
contact with the other facet {phy) in the pterotic. 

The pterotic (figs. 1, 2, pte) in Psilorhynrhvs comes in contact with the postero- 
lateral edge of the frontal (fr) and receives the supraorbital <-anal which in this region 
is designated the temporal canal {tc). At this region the last suborbital bone (so*) 
(sometimes called the postorbital bone also) receives the sensory canal to fwoceed 
as the infraorbital canal below the eye. Posteriorly the pterotic also shows the 
passage into the occipital and laterally into the lateral line canals; at the commence- 
ment of Ihe latter, the lateral extras< apular (fig. 1, lea) is seen sitting on the p(wt- 
temporal (pi). In Parapailorhynchus the independent sensory ossicle (fig. 10, to*' 
sitting* on the sphenotic (ap) connects the supraorbital (soc) canal with the temporal 
(le). Anteriorly the temporal canal gives on a branch {Im) whioh connet^ts the one 
in the opercular to go off as the mandibular canal in the preopercular and the lower 
jaw. 

In the cyprinids generally, the post-temporal articulates with the skull by two 
fisoets: one coming in contact with the epiotic and the other, when present, with the 
ptero^o. In both Pailorhynehna and Parapailorhynchva, the post-temporal (figs. I, 
2, 10, 1 1. pt) has only a single artienbw facet with the pterotic. 

In Parapailorhynehua, tbmw is a deep subtemporal fossa (fig. 11, at/) whose 
outline could be easily mi^ out in the dorsal aspect also (fig. 10, oaf) through the 
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transparf^fit parietal (/w). In Psilorktfpichus (fig. 2, stf) it is very shalld^ ^nd, 
rom^mbles m»>rc that in some Homalopterid examples. 

* The exoccipitals in Pnilorhynehm and Pnrapsihrhyn^hus exclude the supra- 
orc'ipital (tigs. I, 10, so) from forming the roof of the foramen magnum; also th^ 
is a lateral fossa (/} in eac h exoccipitai, whh h is a feature noticed in all Cyprinidae' 

( 'atostomidao ami Cobitidae. 

The basio(!f*ipital (fig. 2, ho) of Psilorhynchns shoH's a short pharyngeal process 
{php) through which the aorta passes and also a bony projection \hp) for the attach- 
ment of the horny pad; in Pamp«ilorhynchns also these structures are noticed, only 
the pharyngeal process (figs. Mb 11, php) is very long. 

Ill the structure of the upper (lig. l\) ancl the lower jaws (figs. 5, 6) Pmlorhynchus 
resembles the cyprinids clos<dy. Howcv^er, there are two [SM*uliarities not commonly 
scH*n in the Cyprinida<». The hyornaudibular (ky) shows a single articular facet 
(.•#A,) for arti<’iilati<in with the sphenoli^^ region. The ujipcT opercular edge shows 
a <leep indentation so that there is a prominent auricular process {(tup) and the 
o|:w»rcular arm {fyt) seems to he directed not anteriorly hut vertically. There is no 
articular proress at the region the preojK^rcular gives artic ulation to the hyomandi- 
hula. The opercular does not carry a sensory l anal in it. In Parnpsihrhynchns, 
the upfH^r jaw is typically cyprinid; the hyomaridihula ha.s two articular facets, 
one with tlie sjdienotic (fig. 12, sh) and the other with the pterotu^ (ph). 
The oper<*ular shows the prominent ojicrcular arm (<xi), the aurh'ular process 
arid the sensory canal (^ap) in it whii h connects the temporal (fig. Mb ic) with the 
preojs*rcular canal (tig. 12, vpo). 

Peculiarly in Psilorhyrichus (fig. {]) the lowvv jaw .shows a large orifice (o) in the 
ilentary (fl), Tliis feature is not seen in any other cyprinid iiichidiug Parap.nh- 
rkynrliH.^ hUmIhhI l»y me. 

in P.^iilorhyurhus th(* hyohranchial apparatus exhibits only one pair of hypo- 
hramdis (tig. I, hh^) and this is uni(|Ue. In the cyprinids, there are always three 
pairs of hy|M>hraiu‘hs including Pam pMlorhynchu.^ and in (tynnochfilns (liamaswami, 
111520, in [iress) there are only two pairs. In P^tilorhyurhu.s there is a ( onsiderahly 
elongated hasiliyal (fig. 4, hk) with a roundi.sh cartilaginous epiphysis (c/>). In 
Purajmlorhyuchu< there an', as in the ( Vprinhlao, three pairs of hy|iohram hs and two 
pairs of pharyngohranchs. Whih^ the fifth ceratobranrii in Pmlorhynchu.^ (fig. 4, 
shows four teeth (/) arranged in a row', in PurapMlorhynchnj(, the teeth follow the 
cyprinid plan. 

Thr W^h^ riau fipfutrafu-^ : In Psilorkypichus the gasbladder is divided into a 
large antiuior (fig, S, gh) and a .smaller posterior (fig. 9, jigh) i)ortion8 (see 
liora and Mukerji, IIK15, PI, VII, fig. 5). The cyprinids also show a division 
into two. In Ps{!orhynrhns the anterior jiart is |>artially protected by the 
enlargement of the dors^il rib (the transv'crse process of previous authors) of the 
second vertebra (tig. 8, tp^) vchicli does not, however, extenjl on the ventral aspeid 
(fig. 9). Anteriorly a part of this dorsal rib is folded to show a lateral opening (fig. 9, 
lo); this is probably the first step towards the modification of the bony (‘apstile 
seen in the Nemadiilinae (Cobitidae) and the Homalopteridae. The first vertebra 
shows a round centrum (figs. 8, 9, rc|) with a pair of dorsal ribs (/p|). The neural 
arch of the soc'ond vertebra (;m) w'hich probably arises as an independent caftilage- 
bone shows in front of it the daustnim (not shown in the figures 8, 9) and af'aphium 
(ara) with its prominent processus ascendens sta(XHlis. A slender interoalarium 
(ir) articulates mesially with the second centrum; the tripus, which is eyprinid in 
shajie, is enclos4>d in the capsule formed by the dorsal rib of the second vertebra and 
show's a pnicessus anterior, a processus posterior and a processus articulaiis. The 
posterior pnx^ess of the tripus {oir) comes in contact with the anterior part pf the 
gasbla<lder. The tripus in being enclosed resembles the condition in the Nemachi- 
tinae and Homalopteridae; hut in the latter twn, the tripus assumes almost a Y- 
shape with one of the limbs longer and this limb comes in contact with the centrum 

5 » ^ 
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of^fae«third vertebra. In P«ihrhy»chu.<9, on the other hand, the tripua hi, however, 
oi the sliape noticed in the oyprinida aa remiurked above. In Pampnlorkynehuii 
-ihe Weberian ossicles not covertnl over by the capsular wall formed by an exten- 
sion of the dorsal rib orthe second vertebra and therefon*, they are typically 03 rprinid 
slewing the os suspcnsoria arising from the fimrth vertebra. *1 have already 
discussed thp origin of the Weberian oasii-los in my previous pawr (Raniaswami, 
1962a, in press). 

* With regard to the ga8bla<l<ler, it. has been nsorded by Hora (1926) that in 
PsUorhynrhus two typos are hiund: ime with a free gasblailder and the other enelnsed 
in bone in the same spceies of the genus. I am obviously examining the second typo 
where the bladder is partially enclo.sed. I am unable to eomnn-nt. on tint other os 
I have not examine<l the species with a free gnsbiailder. 

Thf caudnl fin .skeleton : In P/tilorkt/neh lus and l*arai>.silorh!(nek)i.s the last 
vertebra shows a prominent uroslyle (fig. 7, uro) with an uiwoniu'eteil radial in 
front and with six hypurals (/lUi-hn^) ventrally to it. The preceding two verttdirae 
also contribute epurals and hypurals for supjswt ing tlie lin skeleton. 7'hns Puilorhyn- 
•^M .1 does not show' any variation from the cy]»rinid t\']»e. 

DifJcrssioN, 

Haviiig st udied a large nural>cr of eyjirinid skulls, I am in a position to com]>arc 
the skulls Purapsih)hj/nrhH.H and Psilorhifnchu.s in order to evaluate their mutual 
relationships. 

ParapsilnrhynchuH is a typical cyprinid, for it exhibits the followdng characters 
common to all cyprinids: 

1 . The preinaxillu show's a ro.stral process. 

2. The maxilla also shows a ro.stral prcK-oss and the prenmxilla is held in a 

fork of the maxilla. There are tw'o factifs posteriorly, — the provo- 
merine and the palatine, and the latter facet is cappci] with thick- 
connective tissue to articulate with the palatine. 

6. The median rostral exhibits tw'o dorsolat/cral pnx-esscM generally for 
iigamentary connexion w'ith the maxilla. 

4. The supraethmoid. iwrtion is immovably arti«!ulatod with the frontals and 
ventrally, the <?thmoid with the projecting prevomerine {lortion 
* giv'es articulation to the pre-ethmoid. 

6. The lateral ethmoid does not show' prominent lateral proceRse.s. 

0. The pre-othmoid gives articulation to the palatine. 

7. The supratemporal connects the tcmjioral canal with the lateral line and 

Hupraoccipital canals. 

8. The post-temporal shows two limbs generally, one for articulation with 

the pterotic and the other with the epiotic. 

9. T^e supraoceipital is excluded from the foramen magnum and the 

exoccipitals cover it dorsally. Eaidi exoceipital shows a fossa in it; 
• the basioccipital show’s a prominent pharyngeal process w'hioh allows 
the dorsal aorta to pass through it, and a bony projection in front 

• of the pharyngeal process for the attachment of a horny {>ad. 

10. The orbitosphenoids and the pleurosphenoids along wdth the imrasphenoid 

enclose the optic foramina. 

1 1 . The subtemporal fossa is noticed in the pterotic and the exoceipital for 

the insertion of the hyobranohial muscles. 

12. The upper jaw shows a large preopercular whhdi carries the mandibular 

sensory canal ; from the temporal canal there may be a canal running 
in the opercular to reach the preopercular. The lower jaw shows 
the four typical bones, viz., the dentary, the angular, the retro- 
articular and the sesamoid angular. 
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13. The hyobraiK-hial apparatus shows 3-4 copulae, two hypohyals* 

hypobranchjA and two pharyiigobranohn. Tiie fifth ceratobrancft 
i a number of curred teeth. 

14. The Weberian osBicles are not rov'erod by the extensions of the neura 

anheH of the vertebrae; the intenalarium articmlatos meeially wifcl 
the 8e<‘ond centrum. The tripiis is large, Hiekle-sliaped and arti 
<*ti]ateH mesiaily w'ith the third centrum and the posterior proceir 
c omes in c ontact with the anterior part of the bifid gasbiadder. 

15. The c audal fin skeleton shows an urostyle projec ting dorsally from the 

last c entrum with the hypurals below ; epurals and h 3 rpurals are alac 
rontributiHl by the tw^o v'ertebrae behind to support the fin rays. 

PMlorhffffchifM^ while diselosing a uuml>er of eyprinid featu^t^8 shows quite : 
few in which it is distinctive. These may have l>een developed in response to 
life in fctHt-running brooks or to a life of burrowing in sand, which, therefore, arc 
adaptive. Whatc^ver nuiy be the causes, Psihrhynchu^^ in possessing these disiincjtivt 
cdiaraoters stands a]>art from the other members of the familj' ( 'yprinidat* in whici 
it was inc luded by Ri^gan (1911) and by Berg (1940). 

pHtlorhynchns exhibits the following c-yprinid cdiaract^^rs along with Para* 
psilorhytichvH : 

1. The large supraethmoid is immovably articulated with the frontals. 

‘J. Tile pre-ethmoids give artic ulation to the palatine. 

3. Tlie premaxillac^ show rostral processes. 

4. The exocc*ipitalH roof tlie foramen magnum and show lateral fontanels. 

5. 7'he ventral subtem{M>raI fos-sa gives attachment to the hyobranchia 

musoies. 

fi The btuiiocc ipiful shows a bony procc‘ss for thc‘ attachment of a horny |>ad 
and a pharyngeal proee.S8. 

7, T\w hyohranchial apparatus shows only two pairs of pharyngobranchs. 

It may not be out of pla<*e here to state that G fjrinoche.il n3 (Fiamaswami, 
I052ci, in press), which is also a denizen of hillstreams does not show so many 
c’ypriiiine features in its skull structure. 

pHilorhynchn3 shows the following features in which it differs from the Cyprinidae 
in general and Parafmlof hynchf/s in {larticular: 

1 . The rostral process of the* maxilla does not projec*t to form a fork for the 

premaxilla. 

2. The palatine is elongatecl and forms laterally an artic^ulation with the 

lac^rimorostral. 

3. The possession of a uuifiiie ethmoid-frontal fontanel. 

4. The lateral ethmoid is de'^oid of lateral processes. ^ 

5. The extraordinary growth of the frontals laterally and the absence of a 

supraorbital. 

6. The enlargement of the lac rimal and of the jugal and the former forming 

a c'omposite lacrimorostral. 

7. The hyomandibula has a single facet for articulation with the spheuotic. 

8. The presence eff an elongated basihyal in the hyoid cornu and the possession 

of a single jw%ir of hypobranc*hs and of the fifth ceratobranchial showing 
only four teeth arranged in a row as described by Hora (1925). 

The features enumerated above are sufiicdently distinctive to warrant the separa- 
tion of P3ilarhynehn3 from the Cyprinidae and to make it the type of the family 
Psilorhynchidae as has be€*n done by Hora (1925). It has not been possible for me 
to find out which c 3 q>rinicl genus gave rise to a form like Psilorhynenus and I have 
already pointed out that PHUrrhynchvs differs from Parafmlorhynckvs in far too 
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• inapj^^characterfl and therefore, the latter while showing the parallel external modifica* 
vlons also noticed in Psilarhyiichus^ is a typical cyprinid and cannot be considered 
.aa the progenitor of the former. « 

] ^ It is clear ifrom the foregoing study that Gyrinocheilm^ another hillstream species 

YTlfiioh I have studied and reported upon (Ramaswami, 1952fi, in press) must have 
branched off parly from tlie cyprinoid stock since it exhibits a few (^ypriuid features, 
wluje Psilorhynckus in showing a larger number of cyprinid charac ters must have 
branched off later. It must be stress^ here that in t he structure of the Weberian 
apparatus, Oyrinocheibis is more catostomid while i^silorhynchifs shows more 
nemachiline and homalopterid affinities. 
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Key to Lettehino. 

rt/., nrh^iilar of lh« (|UJulrato with htwor juM'; «fi., aninjlrtr; ap,, artiruUr facet of tljjj, 
niit(ipl«rygoiil; ajw,, antorior pw««a of prmmor; aup., auricular prorcw; bk., hsihyal; tw., 
I>rtj)iu<'cipifiil; e„ iiuffwiflpd laililago; Ci copulac 1- 4; cfe|, cb^, cb^, cpiatohronchH 1, 4, fl^cc., 
coiftmiiwun' iwtwtwiu aupraorbital canaw; ce., centrum; Wi, firnt (vatriim; f/i., (fratohjitl; 
(Mcipitat ( oiulylo ; iL, floutary ; fllr,, (lorwdaUiral proccHaca of mediun roatral; dpnt, doraal prCKH'aa 
Ilf (naxilla ; i'fi| -cfii, MpihnuichialH It; ccp., cj-Uipterygoid; r«/'.,c»toptci'ygoid ; eii}/, cntoptcrj’goid 
pmcONM of pniiitiuo; I'O., oxoccipitul; r/i., cpIphyMiH; rpi., cpiotn ; ej-ii., cpiiral; ft., cthmojll;/., 
exoi'Cijiilnl fontau"!; If., i‘llimoid-fioutal fiiulaii«‘l; Jr., frontal; Jr'„ HiipriiorbitHl (Xtcnaion of 
froutni; ijb., Kiwhladdor; /dij, liyiaitirauchial I ; /»/., hypoglossal foraiiii n; hh^, Up liy}oliyola 1, 
1'; bp., tumy pinto for horny |><wl; luu; h\piiinlH 1-7; Ai/.,liyoinnndihula;tV.,inti'iialftrium: 
ino,, iiitorojMiri'tdttr; uw',, indo|Ktnrlotit soiwofy 1^1111 oiwido; j|/,, jugiilnr fornmou; la., lacrimo- 
roHtral; Im., InlernI extmip'apular; Ui, Itt , lateral nthmoid; ///'., lateral limb of pnmuxillu; 
Im., Iimui'h to iiumdthulnr ''nual ; hm., latoral limb of hiaxilla; h,, lateral iipening in the doiHal 
nb of Nceond vortebrii; //i,, pHlaline proceaH of laenmo.roHtral; Ijm., maxillary proit’aa for 
ligament ; Ir., iHerimoroitral ; lur., laieraiiW'mieireulHr eanal ; wax., maxilla ; me., Me( kel’a earl ilage ; 
mp.,melHpterygoiil;mr„meilianroHtral; nm.al; mi„ neural areh; orilu'e in the dentary; 
eu,, ojaireulni arm, or., outline of ethnuiid; aj., oplie foramen; ohj., outline of liyomandihvinr; 
ih, outline of lateral ethmoid; op., oporeular; opa, outline of palatine; ojar., outline 
of (Htrietal; Ofnnt., outline of iiaraHplietioid; opf., outline of pre ethmoid; opt., oulliir of 
plerotie; or., oriliee in the (loroal rib; oh., orbitoaplienoid; onj., oulline of auhlemporal 
i'omia; OHH , o« «iw|H>nHorin; oir., outline of Iripiw; otj, outline of dorwil rib 2; p., median 
ethnuiid pnieeaa; fuj., [mnetal; />al., jialHtine; pan., paru.<4)ihenoi(l; p/)|, ph„, iihnryngo- 
braiielw 1, 2; pft., pro-ethmoid; pj/b., ixwterior part of gaNbladder; pa., jiterotie artimlar facet of 
hyomandibiila; pbp., pharyngeal iiroceHH; plaj., orlinilar faiot for hjonmndibula; pix., pleuro- 
phenoid; pma., palatine procoHH ot maxilla; pmx., preniaxilln; pnii/., }M»nte,ior mjodome; pop., 
preojiorcular ; p/a'. , (hihI erior proeoMe of provoiner ; pro,, proot ic ; pw., poaiorior xi niicin ular ennnl ; 
pi., jKiat •lemjioral ; /ilr,, plerotie; pv,, |irevomor;p»irt., pn'vomi'iine pMcessof maxilla :w„ si'HHinoid 
angular; w; , MeiiHory canal m lacnmoroatral; m., acaphium; rcr., siibienlral canal; itf., Hupmeth- 
mold ; h/i ., aphenotic art iciilar fiWM't of hyomandibula ; x/ii/,, facet for hvonmnilibiilii ; fm., symphj sin 
ineekelii ; ho., aupmoi eipital ; HUpraorbitaU 2 5; roc., mipiaorliital canal ; rop., .‘lenKory eanal 
III o|K'n’ular; rpo., seiiaory eanal in preo|HTeiilar; xpr., Hplienotie proci .sa; r/i ,, Hujiratenipoinl;rf/,, 
Hubteinjioral foraa ; rim., Kupmorbital ; «p., aympleelie ; leel h ; Ic., temporal ennnl ; t/., t rigdiiiiio- 
facialia ofanung; tpp tp<p doraal nba I, 2; tr., Inpiis; aro., iiroatyle 
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iNTROnrOTION. 

The pri'sencc of alkaline phoKphataHc has been (l(‘monH< rated cytnehtmiically 
in the mammalian adrenal cortex and in that of the pigeon. In the mice embryos, 
the capsule^ aoi d t he glomenilosa give a positive reaction for tlu‘ cn/.yme but the 
rest of the gIand"7?K»ntirely negative for the phosphatase (Rabat and Fiirth, 1941). 
The same authors alst) o>)Rerved that tlu? adult human adrenal cortex exhibits maxi- 
mum enzyme activity in the glomerulosa >)ut the other two zones e4>niaiii only 
moderate amounts of the enzyme. Bourne (194!t) reported that the glomerulosa 
of the guincapig’s adrenal cortex shows strong positive reactions for the phosphatase 
but he has not givc»n an}’ account of <‘nzyme activity in the other two zones. 
Zorzoli and Stow’oll (1947) demonstrated the pn^senco of alkaline phosphatase in the 
adrenal cortex of a number of mammals including the guiiu'apjg. Tim distri- 
bution of this enzyme in the cortex exhibits a sexual dimorphism in the rat 
(Dempsey ef al., 1949) aiul in the mouse (Elflni an, 1947). Much more of the enzyme is 
prestuit in the male than in the female. Dempsey et al. (1949) observed that after 
hypophysoctomy the phosphatast' disappears from the fuscieulata, and the reti- 
cularis of the rat’s adrenal cortex but persists in the zona glomeruloBa. Heplacc- 
ment therapy with whole pituitary {sawder causes a reappearance of the enryme 
and a return to a condit ion approximating that of the normal gland. Soulairac 
ei al. (1949) reported that castration caused considerablo inhibition of oortical 
phosphatase activit}’ in the rat. Androgen therapy in castrated animals evoked 
marked augmentation of phosphatase activity but estradiol benzoate and dosoxy- 
corticosteronc acetate were less effective for this pnri) 08 e. Eiftman (1947) not^ 
that alkaline phosphataje was absent from the adrenal cortex of the castrated male, 
the ovariectotnised female and the immature male mice. Treatment of such 
animals ^ith testostcTono propionate resulted in the l•oappearanoe of the cortical 
phosphatase. 

In the pigeon there are considerablo amounts of alkaline phosphatase in the 
adrenaf oortical strands located in the central region of the gland but in the peri- 
pheral cortical masses there is very little enzyme activity. Treatment with estro- 
gen or androgen caused a reduction in the oortical phosphatase activity (Kar, 
1950a). Progesterone or desoxycortioosterone acetate administrations were, however, 
associated with a pronounced augmentation of enzyme activity in the cortex of 
this species (Kar, 1061). 

^In the present paper an attempt has been made to study in detail the distri- 
bution and concentration of alkaline phosphatase in the adrenal cortex of the nor^I 
guineapigs, and to determine W’hether oortical phosphatase responded to various 
hormone treatments. 
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Experimental Procedure. -- 

. Adult roalft guincapigs were used in this study. A total of 28 (uumals were . 
taken of which a group of 4 was left uninjectod to serve as controls. The remaining 
24 guineapigs were allotted in groups of 4 animals each for receiving hormone treat- 
ments. All of them were kept in cages under uniform husbandry conditions 
throughout the duration of the experimental period. 

Steroid hormones used in this study were testosterone propionate, progester- 
one, estradiol dipropionate, diethylstilbestrol and desoxycorticosterone acetate, 
and the only non -steroid hormone used was serum gonadotrophin. Three injections 
of each hormone were given to a particular group of animals over a period of 7 days. 
The steroid hormon€?s were dissolved in sterile sesame oil with the exception of 
diethylsiilbestrol which was administered in an alcoholic solution diluted with 
10% physiological saline ai-conling U* the method of Kar (1947). Testo- 
sterone propionaU} was injected at the rale of 12*6 mgm. per treatment. The 
dosage for the rest of the steroid hormones, however, was 6 mgm. per inip''tion. 
Serum gonailotrophin ('(.Jestyl’, Organon Laboratories) dissolved in sterile disti'Lti 
water, was lulministcred in a dosage of 400 i.u. per injection. 

Autopsy followed 24 hours after the iinal injections. The adrenals were care- 
fiilly disst^cted out an<J fixed immediately in chilled 80% ethyl alcohol ami in 10% 
fonnol-8alin(^ After dehydration and imbedding in paraffin serial s* ^Vions w'ere 
prepared 6 microns in thickness. The tissue fixed in formol-Hali>K. stained with 
Ehrlich’s hematoxylin followed by alcoholic eosin. The sections of the adrenal 
fixed in ethyl alcohol were incubated in sodium glycerophosphate substrate acconl- 
ing to the technique of fJomori (1941) for the ilemonatration of alkaline phosphatase. 
The sites of phosphatase activity in the tissue sections an* marked by tht* dejx»si- 
tion of cobalt sulphide in fine black granules. In order to allow critical observation 
of these defsisits no counter-stain was used. The sections were dehydrated and 
mounUnl in the usual manner. 


Re.si’lt.s. 

('ontrols. The nucleus of the connective tissue cells in the capsule gives a 
positive reaction for alkaline phosphatase. Phosphatase activity is also prominent 
in the endothelium of the capsular blood vessels. In agreement with the findings 
of l^unie (1943) we observed that in the glomerular zone marked concentration of 
the enzyme is visible in the component cells. Even the contour of these cells is 
made invisible by the granular deposits of cobalt sulphide. The entire glomorulosa 
appears as a dark band and quite well-marked from other cortical zones (PI. IIT, 
fig. I). In the zona fasoiculata the nuclei stain quite intensely but in the cyto- 
plasm the reaction is much less intense and the distribution of the enzyme appears 
to be rather irregular. The endothelium of the blood capillaries in the fascicular 
parenchyma also shows pronounced phosphatase activity. In the reticularis the 
nuclei show' only a faint reaction but the cytoplasm and the endothelium of the 
blood capillaries in this are virtually negative for the enzyme. 

Androgen ireatment. ^ere is a pronounced reduction of phosphatase activity 
in the capeular elements. The connective tissue cells and the endothelium of the 
eapeular blood-vessels are practically negative for the enzyme. In the glomerular 
zone the intensity of reactums appears to be the same as in the oonteols and the 
oontoor of the cells is totally obscured by cobalt sulphide deposits. In the sub- 
glomerular region of the fasciculata the distribution of the enzyme is similar to 
that in the oonteols but a dofinito reduction in phosidiatase activity is evident in 
the rest of this zone (PI. Ill, fig. 2). The endothelium of the blood capillaries in the 
fasoiculata, however, oontinuee to give a positive reaction f(v the phosphataee. 
Not even a trace of the emqrme is visible in the zona^knilaris (Table I). 
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•^P^(Mje^terone treaiutent. The capsule gives an ontirtUy negative reaction for 
,th6 phosphatase. In the gloineriilosa only moderate amounts of the eii7,yme are 
•seen in the nuclei but the cytoplasmic pliosphatase activity is practically lyl. 
Tliere is an overall reduction in tuizyme activity in the fasci<ailar zone (Ph III, tig. 3)* 
is enzymatic loss is evident in the fasoioular parenehyinal cells as well as in 
the eiidothejium of the l>lood capillaries. The reticular /.on<‘ cxmtiuues to give a 
.negative reaction for the phosphatase (Table 1), 

Desfu'l/corticosivrour aceUxU^ trraiiueut, llie capsule givi's a negati\t» tost for 
the phosphatase. Marked cellular atrophy is a notable histological feature of 
the cortex. In the glomerular /.om* a proiiounet*d activity of the enzyme is visible 
but the reactions are less intense than in the control animals. This is evkleiit 
from the fact that the glomerular masses with their cH>in[>onent colls art' clearly 
distinguishable even u|)on gross examination and do not appear as a dark homo< 
geneous band as in the ctintrol animals (PI. Ill, tig. 4). The zona fasciculaia shows a 
marked reduction in phosphatase activity. The tuidothelium of the blood oapil- 
in tin^ re g ion also stains in a faint manner. The reticular zone is entirely 
^'^rnall negaTive the phosphatase (Table I). 

Table 1. 


Th^^\^trihu(ion of Alkaline Phofxphatase in the Adrenal i 'oriex of normal 
w and various hornione~t rented OnineapigM 



CJontrolH. 

Andro- 

gen 

treat f>d. 

Pi’oges- 
torone 
f reaWti. 

.... . 1 

DCA. 

treated. 

1 

KHtradio] 

treated. 

Btil- 

beatrob 

treated. 

( jonado . 
troptii** 

hormone* 

treated. 

(. apAule 

4 1- 

4 




1 


Zona fjlomeruloaa 

Zona fasciculata 

4 -f- 

4 -f 

4 ^ 

4 

4 

-f 

■» " 

4 "" 



4* 

\ 

f'’*(F) 

) (K) 

niood (’rtpillnriHH 

Zona Reticularis 

4-4- 
-f ^V)n 

4 

4- 

4- 

i 




Lt'gond : }- 4* = Strong alkalino phosphaiaiie a<ttivity. 

4 — Reduced alkaline phosphatase acti^ty. 

— No alkaline phosphatase activity. 

^ ^ r=. Strong activity in the sub-glomerular zone but no activity in the rest of 
the zone. 

n ^ Moderate activity only in the nuclei. 

=r Very strong activity only in t)jo miclei. 

(F) flight activity. 

• 

IiJslradhf dipropioiiate treatment. The phosphatase activity in the capsule is 
practically nil. In the glomerular zone the distribution of the enzyme is more or 
less similar to that in the DCA-treated animals. The fasciculata sho^vs marked 
vacuolisation of the parenchymal cells particularly in the region adjacimt to the 
reticularis. There is a definite reduction in phosphatase activity in this zone (PI. IV, 
fig. 5). The endothelium of the blood capillaries in the fasciculata is also virtually 
negative for the enzyme. The reticularis is conspicuous by the absence of phos- 
phatase activity (Table I). 

DiethgUtilheMrol treatment. No trace of the enzyme is visible in the capsule. 
Atrophic changes are evident in the cortex and an overall reduction in phosphatase 
"'iitjHvtty is clearly distinguishable. In the glomerulosa moderate amounts of the 
enzyme are present. Only slight nuclear phosphatase activity is present in the 
fasciculata (PI. IV, fig. 6). The endothelium of the blood capillaries in this zone is 
6 
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hIm; tor the en/yme. No phoBphataae activity is scf'ii ii) the retio'\)an8 

(Tuhir I). 

* hf*^nhon4 bfoin/tytl. No phosphatase activity is visible in the 
I ajmijle. 'riiere ih a marked reduction in enzyme activity in the different zones. 
Ill th< i^lorneruloHa nuKh rate amiiunta of phosphatase are present only in the rmciei 
blit tie* t ytoplasmic enzyme activity is practically nil. The fascicular zone is 
vjrtu;il)y dev(;i(l of phosphatase activity (PI. IV, lig. 1). The c‘nzyme is totally 
absent in the reticularis (Table I). 


liisrrssioN . 

pattern of distnbiition ot alkaline phosjihatase in the adrenal cortex of the 
guinea pig diftei*s in sevi'iiil respect^; from that in th<‘ rat and the mouse*. In the 
rat eonwidenible (jiiantitM s of the eri/yrne occur in the glomerular zone, \\ht*re the 
<*ndot helium of ihr '^;niL>oids stains (iiiiti* inteiis<*ly but the panMichymal cells show 
only iiuhIi nile reac'tions in the nucleus. I'lu* faHciciilata and th^* reUcul’^itn. 
howiM ( I', » xbibiT uniform [ihosphatasi* activity {1‘empsey al , MJ4vi ; fioulaira . 
tt al., I01M) In tlir rnous<‘ (Klftnuiii, 1047), the* glornerulosa show's negative 
n iu rinn^ for t hr ♦‘Ti/vnie but tfie fa.‘<eiculata and the reticularis give strong fsisitive 
react ion> lor lie- phosphatase. The* distribution of the eui/.yme, however, is some- 
what ditb rrnt in the i*mbryonic mouse where tin* gloinernlosa shows inV nse phos- 
phataM' ac'tivily l>ut the otln*r zones are <‘ntirely negative for th’^vii/yme (Rabat 
and Fuith. Ittll). 'rin* glomenilosa e>f tin* adult human adie‘nal cortex exhibits 
pronouin*(*el phosjihatase a(*tivily b\it the faseiculata and the reticularis contain 
only nnsli'iate amounts of the enzyme (Kfihat and Furth, 1941), In contrast to 
these pictures, tin* glomenilosa of titc guinenpigV e*ortex shows inon* spectacular 
phosfihatase a« t i\ ity l‘Ut in tlie fase'iculnta the reactions are undoubtedly less intense 
while in the retieulan*^ the eii^^yine aetivity is almost ni'gljgibh*. It is, thc'relon*, 
i-vident that tfie flist rifait ion and concentration of nlkaliiu* phosjihatase in the 
adrenal cortex show gn at deal of sjH'cies variability in the mammals, and in this 
(onneetion v\e feel that worlv on other mammalian specit‘s may reveal some hitherto 
unknown fMrt*^ n»garding the distribution of this tur/.yme in thi* cortex. 

'f’he en/.vrnnt i<* resynuise of the individual adreno-?ort ical zones In the guineapig 
to v.iriou< hormones is an item of considiTable interest. Our results clearly deinon- 
^trate that androgtn treatment alone retains normal fiomori reactions in the 
glomenilosa whit'h we may recall here, is the zone of maximum phosphatase activity, 
but other hormom's cause detinite reduethin in enzymeactixdty in this zone (see 
’rabh* I). A uniform loss of pfmsphat use activity is, howwer, encountered in the 
faseiculata of all tlic treated groups, whereas the reticular enzyme show's jiractically 
no res|H»nse to various hormonal treatments. Thus, it is evident that the action of 
various hormones on cortical phosphatase actixdty in this species is in a general 
.senst', infiibitory In this eoiineotion, we xvotild like to p<unt out once again that 
tile f*tTeet of androgen is somewhat different from other hormones since it does not 
cause any n*<luction in glomerular enzyme activity but with regard to its action 
on cither eortieal zones it falls well in line with the rest of the hormones in our list. 
Possibly, this effectiveness of androgen in retaining the glomerular phosphatase 
aetivity is aseribable to the fact that it is the homologous sexual hormone of our 
material. H(»wevcr, this explanation is only tentative and we suggest that its 
x’^alidity should be testinl experimentally with female guineapigs as the material. 

Kar (19r>o) ob.^erved that treatment with estrogen or andre^en reduces cortical 
phosphatase actixitv in the pigeon, but the degree of this reduction is more pro- 
nounced in birds n^ceiving estrogen than in the androgen-treated birds. Proges- 
terone or nCA iwiministrations, on the other hand, cause a marked augmencawV/n 
of enzyme activity in the cortex of this species (Kar, 1961). The response of the 
a<lwuio-cortical alkaline phosphatase in the guineapig to estrogen or androgen is in 
6b 
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similar to that in pigiM>n. In this inamninlian sfH>ci<^8 also wo lind 
^hat the goniula) hormones cause an overall reduct ion in cortical eUByme activity 
f but here again, the effect of androgen appears to bo less severe than that ol 
^atrogen. The luteoid and the oortioold. however, liave altogether different efff>^. 
^^ese two hormones definittdy inhibit the phosphatnat' activity of the gtiineapig'a 
cortex iig mlf t heref<in\ i1> is evident that their actions art* totally unlike in the two 
vertebrate species studied by us. 

SOMMAKY. 

The distrilmtiun of aikatiiio phosphattuc has l)oou Ntudied ('vto<\homi( nUy in (lie* acirt^ial 
< <»rtox normal and of variouH hormone tn«at<si >cimonpigs. In tho noima) miineapiga 
tacnlar enzyme activity is vimblo in tho glomerular zone hut th<* fancifulata c<mtaina c«aiy 
m(>d<'ratc amouiitH of the pho8phataat>. llio roticularit* gives almowt lu galivt* n^arlionH for tha 
enzyme. Hormonal (reatmeiita caunc^ an overall redin-tion in phoaphatHai' activity In tha 
cr»rtex. Tlir poftsible Mi'gnificance of tliia eiiz\matio rt diiotion is pointed o^it and diH<’ueaed. 


ArK St )\VLK I H J KM KV I'S. 

^ TTO'TftlflTtThi^wish to e\pr<‘ss their iiulehtedness to l)r. B Mukerji, liirector, 
('fntral Drugs Laboratory, for the keen inten^st he has takc^n in our work. 
(Jrateful ncknoAvl(Hlgement. is made to Dr. K. H. (Iruschwitz of Messrs, Ciba 
Pharma Ltd., Calcutta, for tlu^ generous contribution of testosItTone propionate 
(PeraiKlnm). estradiol dipropionate (Ovocyclin V), progf'stcTone (Lutocyolin), and 
dcHOxycomew^ actuate (Percorten) use<l in this study. Tlmnks are due to 
Sri P.’C. Pathnl<>»r ihf photomicrographa which illustrate this article. 
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Explanation of Plates 

(All figun*8 are photomkrographs and are magnifii^i X 76.) 

Plate III 

Fio. 1. Section through the adrenal c-ortex of a control guineapig. Note the spectacular phos* 
phatase activity in thg^glomerular zone. 

Pio. 2. Section through the adrenal cortex of an androgen -treated guineapig. Compare with 
fig. L 

£|f| Jl. Section throngli the adrenal cortex of a progeeterone-treated gtiineapig. Note the loM 
of phoaphataae activity from the glomerular and faacicular eonea. 

Flo. 4 . Section through the adrenal cortex of a DCA -treated guineapig. Compare with 
flee. 1 ard 3. 
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PkUe IV 

Fh*. ri. Hfx^tion through tKo oortox of aa oatrarliol dipropioottto-treat«d guin^^apig. 

iVuto tho roiluction in phod|>hataiir< activity from th<t) gloriK'mlar and faH<‘icular zonea ^ 
Fp^. fJ, through tho adronal cortox of a diothyl«tiltM.»«trol*irt>ttt«td guinoapig. Murk< / 

ro<la*'tw>n in phonphataiw^ a^'tivity ik c^vidont. , 

Fio 7 S»^f't.if>n through l>»o ailr^^oal cortox of a gucuiriotn>phh‘ hf>nmonc trt»atod guinoapig. 
>irot<» tho proaoun<'«^i roduftion in ph'>ifphaUiiiM artivir\ 



NATIONAL INSTITUTE OF SClEN€t:S OF INBU 

Seventeeth Annivwiaiy General Meeting 

The Seventeenth Anniversary General Meeting of the National Institute of 
iSoienoes of India was held at 10 a.m., on Tuesday, the 1st January, 1952, at the 
vPresidonoy College, Calcutta. 


Prbsant: 


Dr, S. L. Hora, President^ in the chair. 

Dr. K, N. Bagchi, Additional Vice-PreMd^ni. 
Prof. N. li. Dhar, Additional Vic-e^PreJiident, 
Dr. J. N. Mukherjeo, Foreign SecreUiry, 

Prof. D. S. Kothari i ^ . 

Dr. H. S. Pruthi 


Prof. S. P. Aghcrkar. 
Dr. J. B. Auden. ^ 
Prof. K. N. Bahl. 

Prof. K. Banerjee. 

Prof. A. C. Banorji. 
Prof. S. K, Itenorji. 

Dr. J. K. Baau. 

Prof. N. M. Basu. 

Dr. U. P. Basu. 

Dr. J. L. Bhaduri. 

Dr. P. N. Bhaduri, 

Prof. 8. Bhsgavantani. 
Prof. D. M. Bono. 

Dr. N. K. Bose. 

Dr. P. K. Boso. 

Prof. 8. K. bo*o. 

Dr. H. K. Ohal(rabarti. 
Prof. 8. C. Chatterjeo. 


Prof. K. P. Cluittopadhyay. 
Dr. H. N. Obaudhuri. 

Dr. K. A. Cliowdhury. 

Dr. 8. Datta. 

Dr. U. K. Duita lioy. 

Mr. P. Evans. 

Dr. J. Qhosb. 

Dr. P. K. Glioah. 

Mr. 8. Gupta. 

Dr. K. Jacob. 

Prof. A. 0. Jo«hi. 

Dr. M. 8. Krislman. 

Dr. B. 0. Kundu. 

Prof. C. Mahadovan. 

Pnof. G, P, Majiimdar. 

Prof. R. O. Majumdar. 

Dr. K. Mitra. 

Prof. 8. C. Mitra. 


Dr. G. C. Mitiar. 

Dr. P. C. Mltter. 

Dr. B. P. Pal. 

Dr. B. N. Prasad. 
Prof. H. liakshii. 

Dr. H. N. Kay. 

Dr. J. C. Ray. 

Prof, P, Hay, 

Dr. 8. K. Ray. 

Prof. M. N. 8aha. 

Dr. P. B. rtarkar. 
Prof. J. M. Hen. 

Prof. N. K. Son. 
Prof. N. R. Son. 

Mr. V. P. Sondlii. 

Dr. P. L. Hrivasiava. 
Prof. N. R. Tawdo. 
Dr. A. C. Ukil. 


Besides Fellows, there was a large number of visitors present. 

1. The minutes of the Seventeenth Annual General Meeting, held on October 
6-6, 1961, were oontirmed. 

2. The President reported death of Sir Cyril 8. Fox, Dr. M. Qureshi, Dr. K. 
Subramaniam and Mr. «Jamo8 Vail. A resolution of condolence was passed, all 
standing. 

3. Dr. H. N. Ray was admitted as an Ordinary Fellow and signed the Register 
under provisions of Rule 13. 

4 (c) The President appointed Prof. S. P. ^harkar and Prof. A. C. Banerji 
as scrutineers for the voting papers for the election of ofiioe-bearers and Members 
of Council for the year 1962. 

As a result of scrutiny, the following were declared duly elected to the 
CounoU: — 


Prundent . . 

. . ^Vict-PretUknu 

Trtaturer . . 
Foreign Sterttary 


Dr. 8. L. Hors (Csloutts). 

Prof. K. M. iishl (Lucknow). 

Prof. P. Psrijs (Cuttack). 

Dr. B. P. Pal (Delhi). 

Prof. P. C. Ifahalanobis (Calcutta). 
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Secreifiries . , 

hditor oj PublicationM , , 
Metrdfers oj (. ‘cmncil . . 


M. H. Pnithi (I>olhi). 

Prof. R. C. MAjunidar (Dollu). 

Pn>f. J. M. S<-n (CaicutUi). 

Dr. S. P. Aghurkar (Pooiui). 

Dr. J. L. Bhaduri ((’aleuttH). 

Pr<jf. II. J. Bhahha (JiiAnhay). 

Prof. S. iihagaviintnxn (KydcralauJ; 
Prof. B. Ji. I)t‘y (Ma<ira«). 

Dr. li. (ruliH (( iilcijltn). 

Dr. V. H- Khanolkar (Ik'rnljfiy). 
Prof. D. S. Kothuri (liflla). 

Dr. ('. Ma}iadt‘Vcin (VValtiiir). 

Prof. S. K. Mitra ((Uik utta). 

Dr. B. Mukorji (Lu« kno\v). 

Dr. \. (J. l*an>o (Dt'lhi). 
f>r. Mata Pru.'>iui (Bornl>a>), 
r>r. L. A. BaintiM.s (Po<*iUi). 

Prof. M. X. Salra (( ‘al» lU la). 

I>r. \ . Suhraluoan^ an (Mynon*). 

Dr. K. nkataraiiiaii (Bombay). 


d(/j) 'rin* IV<\siflont also annouiKcd fhat the follow iiig were noniinaied by the 
(joviTiiriirnt of India and oth<‘r ro-opcrating aciMlcrnics (o svrvv on the Council 
of the Inniitute for I0'>2 as tlieir representatives: — 


Qovcrfhmr.nt of India 
Asndir Society 


NiUional Academy (f Scicnce^n (India) 


Indian Science i'onyrese AhsocuUwh 


Dr. B. U. Pandit (Delhi). 

Dr. K. N. Bugebi (Ad<btiOual Vico-Pre^Kidont, 
< Vili'iittn). 

Dr. A. rkil (Additional Member, Balcutta). 
Prt»f. A. C-\ Banc rji (Additional Vic e-President, 
Allahatiad). 

Dr. P. L. SriviiHtiua (Additional Member, 
Allahabad). 

Dr. J. N. Mukherjew^ (Additional Viee •President, 
Hoorkc’C'). 

Pi'of. B. *Siiiijiva Kao (Additional Mc^mbor, 

Bangalorcd- 


5. Tin* President announeeil that as a rc'sult of scrutiny of \oting pai)ers 
receivf'd from Fellows, the following \vt*re duly eletded Ordinary and rloiiorary 
Fellow's of the Institute; — 


Ordinary Fellows. 

Banerjoe, S^wla-bidanHiulH, M.S<\, M.B.B.S,, D.S<’., Professor of PhysioUhjy, Presidency College, 
CtUcnUt^. DmiingniahcMl for bis work on «»fteet of vitamins B and B i»n mctalx>lL 9 m wdth 
rofen'nee to diabetes. 

DcwHtiu, OnlK>r, Dr.Ing. (Koino), (formerly geophysicist, Geohiigical Snr^jcy of India), Ufficio 
Oeoloifieo^ Rome. DiNtingiildaHl fc#r bis work on ininernlogic al and gcH>pby'sical studies. 

Mebra, Pran Na(!i, D.Sc ., Head of the DeiKirtrnent of Botany, Punj^ib (!) Vniveraity, Amritsar, 
Distinpiisbed for bis work in the held »»f c ytology anci embryology in gynmosporms, 
pteridc»pbytc's and luriworts. 

Panikkar, N". Kf'snva, M.A., D.Sc-., Chief Research Officer, Central Marine Fisheries Research 
ShUwn, P.D. Mandnfuun Camp, S, India, I>i.stmgiUMbc'<l for Ids work on Indian aea 
anc*mones, «*<’ology of brockisli waters at Mewires aiul osmotic? and ionic* rttgulaticns in the 
BntHbwc'a. 

l^rthasanOby, S., D.Sv., Assistant iRrector, XVi/ioaci/ Physical f^aboralory of Imiia, New iJelhu 
Distiiiguisbod fi»r bis w'ork on ultrasonies and light sc»nttering. 

Pratnanik, S. K.. M.S**., Pb J)., D.l.t\, Deputy Director -General of Observatories, Meteorological 
Office, Poona 6. Distinguisbisl fc»r liLs work on meU'on> logical problems. 

Uayehiiudhuri, Satyajiri^sad, Pb.D., D.S^*., K.H.t.C., Officer on Specutl Duty, Soil ConsenxUion, 
jMinistry of Agrietdture, Got^emtnent of India, New DcUti, Distingnislied for his work 
c,»n various problems in eUH*tro-cht>mistry of colloids activated charcoal, soil classification 
and 8*»il survey, etc. 

Saksena, Itaiii Kumar, M.So., Doe. cs Si%, Reader in Botany, .411aAal»<id University Allahabad* 
I)istinguislK*d for bis w'ork on phy.siology, cytology and life lustories of many species of 
pythium and some other phycomycetes, 

IB 
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Blbhutibhofihan, D.Sc\, Prineipalt Hooghly JUohsin CoWsge, ChimimAt WetiiBmyal, Db« 
1 / tinghialied for hiM work in tho muthomatical tlioory <»f 

phah, S^mp<'>iand Mohanlai^ M.A., Ph.D., Hemier in Maihcfinuicif^ Mudim Vnivet^Uy^ Aliyafjhn 
. DiMtinguklioci for hw work in tho tluHiry of intogral funt'tionn, tlitmry of mimbAni and 
^ « difference oquationB. 

Singh, Indorjit/ Ph.D,, L.H.C.P., M.H.C.S., F.A.K., fVo/w»#or of Phymohgy^ Agra 

MwML ColUge^ Agra. DiBtingnkhed for his wt»rk on roKpiration'intravenouM oxygen 
» therapy, unBtriatCHj miiaole and blackwator h'vcr. 

Tli%)ar, Govind Singh, Ph.D., Rriultr tti Zoohgy^ Lucknow Univernty^ Lucknow^ 

DiatinguiBhod fur hi« a^trk <»n holmint))o]og>\ 

Uppal, Hurl:^nH M.8c., Ph.D., Dcjftuty lUrtxfor, Jrrig<uion lUi^carch^ llydraulie R««oarcA 
Station^ MuUakpur. Distinguialuxi for l>iH work on river t raining, d<^ign of woiru, aubaoil 
Boepago and hydraulonuite. 

Honorary FcUown. 

Prof. Dr. Hcrnardt) A. fluuHnay, N. 1^., Imttiiuio dc Biolvgia y Mcdicitui KxjterimenUU, CoHa 
Rial 4186, Jiuenoa Airpjt, SouBi Ameriai, 

Mark, llurnmnn, Director of Polytiier Ransarch, Brooklyn PolylecJinic Ififtiitute, BnfOkiyn^ U.S.A, 

6. Tilt* President (leliver<4 liis Addresn on 'Adaptation and Kvolution’ 
(setf page 161). 

7 (a) Tiio following commiinication was made l>y Dr. II. N. Ray and 
discussed : — 

• A new' finding in the development stagers of Baltewi higaniina. 

(6) In the absiyice of authors, the following paptTw were taken as read: — 

(1) i4 mjstcnuitic account of the C/uietotjnatiui of the Indian ('oasUd water/i, with ohservationa 

on their scxisonal fluctuation a along the MiMnir Coant. liy P. C. Goorgo and 
ronvmunictttcd by Dr. 11. S. Uao. 

(2) BkuU of Vyprinoui FishcA in rcl/Uion to phylogenetic Studies, Part III. The skull 

of HonudopUrid Fishes, Part IV. The skull of Gastromyzonul Fishes. Uy 
h, H. liumaHwarni and coinnuinic’atwl by Dr. *S. L. Hora. 

(3) Evolution and distribution of the (Jlypiosternoid Fishes of the Family Sisoridae (Oniert 

SUuroidea), Jiy 8. L. Ilora and K. U. Hilag; 

(4) The optical iMnciplcs of the low Angle,. By N. N. Gui)ta and communiraiod by Prof. 

K. Banorjt'o; 

(5) The complex Band Spectrum of duitomic manganejtc chloride in the visible region, Jty 

P, Tinivcnganna Hao and c<annninit*at< -d by I^ruf. K. lianguclbainn Jiao. 

(0) Scattering of Electrons add contrast in the electron •rtiicrf^/raphs of sluulow cast specimens. 
By A. K. Chaiidhuri and cuinmumcait d by Prof. M. N. *Saha. 

(7) The\idiabfUic oscUkdwns of a jxirticuUvr msiel of the Vfzriabte Star. By H. H. Kushwafia 

and communi<iaio<i by Prof. A. C. Banorji, 

(8) A note on the relation between nvaximum Pressure ami short-term Pressure, By N. 8 . 

Venkatosun and eommunicated by Dr. R. 8. Varma. 

(All these impera liave been recommended for {mblication in the Proeeodirujs 
of the Institute.) 

8. A Symposium on ‘Soil Research in India’ organized by I Jr. J. N. Mukherjee 
was held from 2 to 3-30 pirn. 

The Symposium continued on 2nd January, from 2-30 to 3-30 p.m. 




PRESIDENTIAL ADDRESS: 

ADAPTATION AND EVOLUTION .• 

% 

By ^'oirnKR Lal Hora, D.Sc., F.R.S.K., C.M.Z.S., F.A.S., F.NJ.» 

Director, Zoological Survey of India, Calcutta. 

Fellows of the Natiohal iNSTiTcrTE, Distimuuishrd Visitors, Ladies akd 
^ Gertlbmbn, 

The Constitution of the National Institute enjoins on the President to 
•review the work of the Institute at the Annual General Meeting and to deliver 
his Presidential Address at the Anniversary General Meeting. Though the scope 
of the remarks to be made at the Annual General Meeting is limited, the President 
is happily left to exercise his own choice of the subject for the Anniversary 
General Meeting. On this occasion, it has been a practice that the President 
addresses the Fellows on a subject of his research or intensive study. Since this 
meeting is linked with the session of the Indian Science Congress, I shall also abide 
by the pftst practice. 

At the Annual General Meeting of the National Institute of Sciences of India, 
held in October last, T reviewed the work of the Institute and put forward certain 
suggestions for implementing the objects for which the National Institute 
was established. Towards the end of that address, I drew the attention of the 
Fellows to the serious neglect in India of the biological sciences, which have an 
important bearing on national welfare, especially when increased production of 
food, improvement of health and raising of the nutritional standards of the Indian 
masses are some of the most urgent needs of the country. It was my intention 
to follow up this subject and speak ibis morning on the rdle of the biological sciences 
in the future development and progress of India and I had, in fact, collected notes 
from several e.vports in differrmt branches of biology, more competent than myself to 
appraise the value of biological sciences in national welfare. But, I have found that 
the subject is so vast and its various ramifications so important that justice could 
not be dontr to it in a single address. It is accordingly being suggested that it should 
be treated as a subject for a Symposium under the auspices of the National 
Institute. The Council’s interest in the development of biological sciences will be 
evident from the following resolution passed unanimously at its October meeting: 

‘Realizing that there is considerable scope for fundamental research in 
the field of Biological Sciences and for co-ordinating research in them on an 
all-India basis, and also realizing financial and other limitations for the 
establislynont qf full-fledged new National Laboratories under the present 
circumstances, it is recommended that steps be taken to develop "Wings" for 
these? purposes in suitable existing institutes and financed from central revenues. ' 

This and other resolutions explaining the scope of ‘Wings’ have been forwarded 
to theTilinistry of Natural Resources and Scientific Research and the hope has been 
expressed that, when funds permit and the various ‘Wings’ are sufficiently stabilized, 
the question of establishing a unified and centrally controlled National Biological 
Institute will be taken up, of which the ‘Wings’ in different subjects will form the 
components. It is my earnest desire and sincere hope that the Government of 
India will pay sympathetic consideration to this suggestion of the National Institute 
of filciences of India; for therein lies the fbtnre competence to deal with for most of 

• DoUvered at th® Anuhrenaary Meeting of th® National Institute of Sciences of Bulls, 
held at Galoatta on Uie let Japnai^, 1862. 
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the ni« of tluH r ountry, oon«tantly in the grip of starvation and ill-health but not fiO 
mindful of rapid in population. The importance of theoretical or funda^ 

nu'ntal renoarch c annot la? <.‘Xagg#Tatcd, aa the queation of practical application can 
only afte r the th(*ory is kmmii. Ttxiay, therefore, I shall address you on 
some most n c cuit dc^velopments of a very important biological concept of the rdle oi 
adaptations in <*volution. ^ / 

Adaitation and Evolution 

In srli-ct ing an alternative subject for my address, I have been greatly influenced 
by the* c’orTeH|M>ndc‘nce in the recent issues of NcUtire received in this country during 
thcj last six uec*ks or so. In the issue of September H, 1951, Dr. A. J. Cain raised 
thf^ cpiC 5 sti<»n of the valuer nf \So-f»allcMl Non-adaplivc^ or Neutral Characters in 
Evolution’; and, in my ^^iew, rightly c^oncluded ‘that those characUTs or vaiiation 
patterns that have bc*c*n described as non-a<la])tive or random should proj)fTly be 
describe^i as ** unin vest igate<r\ One must not assume randomness (or selection) 
without proof’. IVoffHsc»r O. S. f’artcT (1951), in commenting on Dr. Cain’s 
obscT vat ions, sugge^sts thiit we must accc'pt ‘non-ada]>tiv(* evolution as theoretically 
possible, and, until it is shown to play no signilieant part in natural differentiation 
wc must give it a place in our geniTal view r>f evolutionary theory’. 

ft setnis to me that thcTc is considcTable confusion in dealing with the subject 
of ’Ailapt at ions’ ami their signifieanee in organic c'volution. In fact,; political 
ideologies have bi^conu^ intertwined round tliis subject with the rt^sult that in certain 
countries fret^dom of thought in science is now denied to individuals who hold view's 
for or against adaptations and inheritance of acquired characters. 

f attempt o<l U> elueidate the problem of adaptations in 1990, w'hen dealing 
with the I'cology, bionomics and ev'olution of the torrential fauna. 1 assented 
thi^n ‘that evolution is no more than tlu' adaptation of organisms to envuron- 
ment’ and that ‘Structural nuHlifications are pr<xluee<l through changes of 
functions’. Further studies, both in the field and the laboratory, have now 
oonvineeil me that (dianges in environment initiate* functional changes in organisms 
as a first step in e* volution and that such functional changes ultimately le^wl to 
.structural imslitications. The re|Kditiou of this sequence of events at shorter 
or longer intervals has dedermineel the rate of evolution during various epochs of 
the earth’s history and among <liveTsc groupvS of animals. To substantiate this 
hy]s>tlu\sis, I shall first refer to some previous obwTvations of other workers 
and then place b<*fon^ you the nature of the evidence that has influenced me to 
come to these conclusions : 

In his Bancroft Memorial Lecture, l^ofessor Frederic Wood Jones (1931) gave 
a compn'heii.sive historical renuew of the concept of 
trAdifinn»i vitf^wnnint adaptations and sliowed how* this T)oint of view has been 
wpo t tlirough the centuries. He starts wth the 

Oalenienl Outlook nf the 2nd Century A.D. The earliest clear conception of the 
phenomenon of mlaptations is, however, given in SuimtamfpJtita w-here the 
correlation between the form of fishes and their resix^ctive enviropments is 
discussed (vide llora, 1935). A free translation of the relevant Sanskrit passage 
reads thus: — 

TThe river fish are bulky in the middle because they move with their head 
and tail ; the lake and tank fish are similar to the above but are characterized 
by a relatively smaller head; the spring and pool fish, as they have not much 
space to mow about, are extremely deep behind the head; the fishes of the 
torrents are traditionally well-knowTi by the possession of two characteristics, 
the greatly flattened bcxly on account of their habit of crawling with the chest, 
and a relatively reduced anterior part of the body. 

Unfortunately the ago of SvAnttasamhUa is not at present definitely known. 
Some scholars place it as early as 6tX) B.C., while others consider the present text 
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<Haiy^ old as 200 to 600 A.1). Whatever may be the date of this work, it can be 
stated' without any fear of coutnuliotion that the concept of adaptation brought 
about by environmental factors was well-known to the ancient Hindus, 

In the study of adaptive evolution, the most outstiuiding work of the 
* * , , . Hr. N. Annandale seems to have been lamentably ignored 

"atl^nir. * ** * ™*^*'rn students vnll find in it a wealth of accurate 

^ information unrivalled for its clarity of thought and 

lilbidity of expression. He was the foremost naturalist of his time and it was always 
his habit to study animals against the background of their respective environments. 
I shall hero draw attention to tw'o of his iwipors written just before his death in April 
J924. Firstly, in his Presidential Acidress to tlm Eleventh Intlian Science Congress in 
1924 on ‘ Evolution— Convergent and 1 )i vergent’, he stated that ‘ A simple explanatum 
(of evolution) becomes more and nutre im|K>s8ible and enviroiunent with its unlimited 
•gradations nssumt's ai» ever greater im])ortance. liithrd il fieeniH hardly too much 
to say that e.vnhition is uUiwately »o more tfum adaptalion of organisms to environms.nV . 


(Italics are mine.) Again, in dealing with the evolution of the shell-sculpture in 

fresh-water snails of the family V'iviparidae (I924rt), he stated: 

« 


‘My explanation of tlu* phenomena discussed in this paper implies an 
acceptance of the doctrine of the survival of the titbvst and at the same time a 
firm jM'lief in the inluritance of one kind of ac(juired character. The traumatio 
injury of an individual can probably not affect the race, but unless we assume 
thal the long-atpfiniicd and gradual influence, of environment can do so it is 
diflieuU to see how adaptive characters have ever arisen. The very existence of 
such characters nmy be denied by observers in a laboratory t>r a garden plot, 
but in tropical nature they an* continually being forced on the notice of the 
field zoologist’. (Italics arc mine.) 


Annandalc’s acceptance of the doctrine of the survival of the fittest, it 
will be observed, is not Darwinian for variations in 
rtp fittest”*^* him are not random nor are they 

'' sc*lecfed by Nature from any haphazard lot but they are 

due to the ‘long-continutHl and gradual influence of environment’ and are thus 
acquired by the individual .as an adaptation tr)wardH the external conditions 
of its existence!. Nature is undoubtedly a very hard task master and, whatever 
may be the source of variations, the doctrine of the survival of the fittest must hold 
good. What I believe is that the animal, while still capable of growth, responds 
to the now situation by a slight alteration of growth; and, having thus responded 
successfully hands over to the next gemTation an increased capacity to respond, 
which is continually increased generation after generation till it booomos firmly 
engraved on the Weditary power. This implies that there arc no random 
variations and that ‘variation is due to the <lifTerent efficacy with which the 
individual re^ponfis to the influence of the environment and that this is due to the 
varying degree of vigour possesseri by the animal and that vigour is the one thing 
which varies continually (probably due, I think, to the position of the germ-cell in the 
genital organ and its varying amount of nourishment) and that natural selection 
chooses not the random variation but the individual which is most responsive to 
the environment’ (<|uoted from a letter of I*rofcssor E. W. MacBride to the writer, 
dated November 8, 1928). The point made out by Professor MacBride is that one 
has not to consider the smrvival value of a character tmder study but of the 
individual as a whole, for an organism is a combination of many characters showing 


responses to unlimited factors in its environment. 

From what is stated above, it is implicit that all adaptations are functional 
• and that when in the economy, of life of an orgamsm a 

particular morphological structure becomes non-ftoxetional, 
ttoualmodiacatlons F for^^somT time as a vostigeal organ. I shall 
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take here a very Btmpie cai$e of the modification of the air-bladder in hill-stmam 
fiahcH. In rJir>Ht of the Hiuggi«h- water Cyprinid fishes, the two-chamber^ air- 
bl^<liler is well developed to sc*rve a hydrostatic function. When a fish enters fast- 
(lowing waters, buoyancy aill be a disadvantage, for the fish must tend to live near 
the bottom or in fact it must take to the ground habit of life. We have various species 
of (Jarra, for instance, in which we can CKirrelate the reduction of the air-bladder with 
the development of the adhesive disc and the swiAiiess of the water ih which the 
various HfM^cies live (Hora, 1921). In loaches of the genus Nejnachilus^ I (I93(/0} 
«how<‘d how the air-bladder becomes reduccnl under the inlluence of stronger and 
stronger ciim»nt« and when the air-bladder is so reduced and enclosed in bone 
that it cannot re8{K>nd to the external environmental ermditions, it is left 
alone as a vestigeal organ. Thus a new air-bladder is developed in species of 
Nevtnrhihs {-tHpUpphy-a) whi<*h inhabit lakes or other deeper waters at high 
altitudes in f^mtral Asia. Here we have a reinarka}>le instance of the normal 
functional air-bhulder undergoing structural modifications indiiceil by the environ- 
ment to ensure profK»r adjustment of its functions to the needs of the organism 
conccrneil. long as it is sufticiently plastic, it goes on reacting to the external 
conditions of its existence, hut the moment it is reduced beyond a certain stage’ it 
becomes vestigeal ami if there is need for such a structure for the functional 
activities of the I’sh, a new air-bladder inakt^ its appt'anuice. Moreover, though 
functionally the new' blachU^r may be similar to the old normal bla<ld(T,' morpho- 
logically it is different, for the piu umatic duct in the nonnal bladder 0|)ens in the 
oonstrictiou betwwn the two chambers while in the runv bladder it ojkuis at the 
anWrior end. What difftTcnees in the environmental factors or geneticaJ v'ariations 
have pnxluced these dissimilarities, it is not possible for me to say, for the liner 
gradations between the two environments still remain to be investigated. 

The reduction of the air-bladder in hill-stream fishes is correlated with the 
ground habit of life. This assumption is justified, for w'hiehever group of fishes, 
Carps, ratfishes, (lohies, etc., has entered swift currents, the fate of tlie bladder has 
biHm the same, Fu^tho^mo^^ if the grouml habit is a necessity in other typers of 
habitats, such ns the estuarif's, marshes, etc., the air-bladder becomes reduced in 
more or less the same way as in hill-streams. It follows that adaptations are 
functional irres|H'otiv'e of types of en\ironment, • 

A remarkable instance of structural modifications wiis observed among the 
tw'o groups of indixiduals of a six'cies of Acanihyph- 
environment pantjia (Hamilton), living within a short distance 

of each other in the same stream by the wTiter (19306) 
long ago. In one hH of sfieeimenH, collected from among the debris at the bottom 
of a pool, the ^x^lvio fins wvre alisi nt (genus Apua Blyth), while in the other set 
collected from among the la'bbles in a swift current^ the paired pelvic fins w'ere 
present {genu.s AcatitJuyphthrtltnif,^ Blkr.). Those whose intt?rest is to study 
characters only have already pronounced their judgment by keeping apart the tw'o 
sets of indi\iduals in tw'O difft»rent genera ami thereby confusing the issues of 
evolution. We have seen tlie same taxonomic treatment accorded to the species 
of SnnachUus that develop a new bladder, though still retaining the old as a Vestigeal 
organ. My knowledge of the environment in both cases is yet too incomplete to 
explain these adaptations. 

Whenever I have studied the taxonomy of a group of fishes, which 
A § ^ ^ observed alive in nature, it has always been 

^ possible for me to understand the functional values 

of the taxonomic characters, however trivial they may 
appear in separating species or subspecies. But, though I am trained to 
describe in the minutest detail the characters of an organism, I am afraid I have 
always been handicapped in describing the environment in the same detail, for it 
entails an advanced knowledge of engineering, physics and chemistry. As 
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AdaptsMon’ gignifiee oorrelaticm of an animal with its habitat, tha study of an 
Animal alone, however detailed, without a similar study of the environment cannot 
lead to the proper understanding of this universal phenomenon. 

For evaluating factors responsible for evolutionary changes, it is thus neoess^Cry 
io know the details of the environment. Though, in a humble way, 1 have attempted 
such a Study in reference to a few habitats of animals, 1 am fully conscious that 
they are very imperfect indeed. As early as Dewmber IlO, 1028, Dr. E. .1. Allen 
vVPote to me in reference to my studies on the torrential fauna already referred to: 

‘The work is very interesting indeed, and the more we can have of the 
same kind the better. I hope too you will try to start some experimental 
work, and try and find out “how it is done”. It is all very fundamental.’ 

Only recently, on the 3rd October, 1961, an American friend suggc'sted that it 
would add signiticantly to the value of my work if someone ctmld go out in the 
field and measure water speed to permit correlation of the develojjment of a<lhesive 
devices with proportionately faster flow. 

Here I must confess that I have never seriously attempte«l such field studies, 
wh'oh require a detailed knowledge of hydrostatics and hydrodynamics, though only 
such studies could enable the evaluation of the influence of rapid currents in reference 
to graded evolution of stnictures. However, Dodds and Hisaw (1024) have 
discusseef the adaptations exhibited by certain Mayfly nymphs of lUvtix for life in 
swift cummts, and have showii that a direct correlation exists between the swiftness 
of the cui+ent and the degree of reduction of the median caudal sets. 71. IrimiidtUvjt, 
with 3 tail setae, lives in currents flowing at the rat(* of 6 f<>et i)or second; B. inter- 
mediufi, with a shorter middle seta, lives in waters flowing as fast as 8 feet per 
second and B. bimndalw, with the middle seta, vestigeal, lives in places where the 
water flow's at the rate of lb feset per second. The reduction of the middle seta 
ensures propcjr stream-lining of the body to present a stix^am-linc form to the swift 
current. 

Though a physical scientist may be able to study in detail the physico-chemical 
factors in an environment, he may not b<' able to evaluate 
DlfAculties of smdj4ng their biological significance with reference to the fauna 
environment blologl. ^ biologist. 

The study of aelaptations therefore, requires a team-work 
approach and I think it will be w'orthwhile to start tliis w'ork ns a co-ojxirative 
project by biologists and physicists. Whenever 1 have bc«m able to get the 
assistance of a physical scientist, the apparent biological riddles have been resolved 
into simple elementary facts. For example, in Blepharocerid larvjie from 
torrential streams, I w'as surprised to see that some had long spinous process*^ on 
them, while in others the surface w'as smooth. In ordinary circumstances, the 
development of spines would be considered not only useless but distinctly harmfiil 
to the animal in a ruffhing torrent. Though it seemed to me a para<lox, it was 
shown to me that under certain conditions such processes help to decrease 
resistance. For instance, it is known to the engineers that ‘in some such bodies as 
spheres and cylinders, the law of resistance may change widely with comparatively 
small alterations in the conditions; thus, for example, at certain speeds the 
resistance of a sphere may actually be reduced by roughening the surface’. 
(Gibson, 1923.) 

I shall refer here to another instance which baffled me for long, (k^rtain 
Sisorid Catfishes, such as Conta Hora, Olyptotkorax Blyth and / (tgnvia Horn, living 
in swift-flowing rocky streams have an adhesive apparatus formed of longitudinal 
folds of skin on the thorax while certain others, such as Psevd^ehemeiff Blyth, 
Pro^eudecheneis Hora and Parapsevdeeheneis Horn, have developed transverse 
folds in the chest region (Hora, 19626). After considerable study and thought, 
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it b<*camfi v.lvar that whrm a cylinderical fi«h enters si^ifl currents, it will develop 
Icingitiidinal folds along the vtfntral surface to increase friction, while a flattened 
fish will de velop transverse folds. This view is strengthened by the fact that when 
th<^ <ylin(h ric al fishes, as an adaptation to the ground habit of life on rocks in swift 
rurrerif s, beeorne <lepresst^d and flattened and the function of aclhesion is passed on to 
thi‘ paire<l fins, the outer rays become flattened and develop transverse adhesive folds. 

^'he abov(^ two instances show that a biologist alone cannot properly interpret 
variations in structures, unless he understands the responsible physical factor 
or faetors in the cnvironimiiit e<pially well. 

It is now conceded, liven by geneticists, that ‘a<laptation is very unequally 
. . - . . (listributed through the several taxonomic ranks. In 

variaUons ge.ruTsI it is consi<lerablc in the high ranks, slight or 

wanting in the low ranks’ (Shull, 1951). According to 
this <lictum, the cliaract<Ts that define classi's, onlers, families and genera have 
(H^rhaps Monu‘ adapt iv*' signilicancc, while thosi^ characterizing genera, species, 
and subs|H*ci(‘s lia\c rarely any adaptive importance. In my opinion, this merely 
indicut<m that we urulerstanrl very little of the unlimited gradations in the 
environment against wliicli only the minor characters of an animal can be equatM. 
1 have mostly worked on tin* taxorumiy of hill-stream lishes during the last 32 years 
and hav'c rmule extiuisive colk'ctions from all ov'‘er India myself. I have not only 
c‘olleoted fishes f'nmi moutilain torr(‘nts, but have also tried to understand their ways 
of life through olhser vat ions and simple exiK^rimenis carried out in the field. In 
classifying these* (ishes rigid up to the stibsp<H'ies rank, I can say with a considerable 
elegree of <'onli<hmoe that e'Ven tlie so calUd m<mt insignificant clvaracters, such as 
number and disfsiKition of scales; number of rays in various tins and the shape of 
fins, nature of th<‘ mouth and ass(»oiat4sl structures, apiKUidagos in the axils of fins, 
etc., etc,, have sonu* adaptive significance whim considered against the background 
of environmental fni'tors. For instance, it has been observed over and over again 
that in fishes that adhere firmly to roeks by applying their v'entral surface, the 
ventral portions of tlu^ gill openings, being non-functional in such circumstances, 
gradually cl<»s(' up; and ultimately they are greatly reduced and are restricted to 
th(' dorsal .surface ubovi* the peeforul fins. A critic from America has recently 
written to say that ‘This is simply not true. Many^Oobies which have adhesive 
discs and sit on the bottom have terrific gill clefts. My guess would be that Hora's 
fishes have their gill-openings restricted because they arc living in such thoroughly 
oxygenated water and are not active and have, as a conseciueiice, an easy time 
respirationally’. The adhesive di.sc of the <h)bies is formed by the union of pelvic 
fins and the ventral surface of the body is, then*fore, usually not closely applied to 
the substratum. Accordingly, in (lohies as a rule, there is no interference with 
the v^entral extensions of the gill-o{>emngs. Rut when the Gobioid fishes enter 
torrential streams and the body becomes greatly flattened, the gilbopenings are 
restricted to the aifles anil extend to the ventral surface fex* a short distance only 
(Hora. 1032/>). 


It i.s probably true that, when the gill-openings thus become restricted to the 
dorsiil surface in hill-stream fishes, further reduction of their size is due to the liighly 
oxygenateil natim^ of the water. The adaptation that I have not yet been %ble to 
account for is the extensive nature of the gill-o|x'nings in the Chinese Homalopterid 
fish SinocfOHtromtfzon Fang, in which the ventral surface and the paired fins do form 
an (ulhosive disc. Some ol)servalion8 on the respiratory mechanism of this fish 
will no doubt help in elucidating this adaptation. For the present, it can be 
includedi in the list of those a<laptations which need to be investigated* 

As early as 1922, Annandale and I commented on a remarkable case of parallel 


Parallel evolution 
slgnlfles adaptation 


evolution in the fish and tadpoles of mountain torrents by 
referring to the development of a suctorial disc in the fishes 
of the genus Oarra Hamilton and tadpoles of Sana afghana 
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Gftnther. Annandale (1924a) again referred to it and» on the baaia of iny M^rk on 
iO'arra/ pointed out that the diflerent foruia found in different tyjwa of envdrt)nment 
correspond very closely with different stages in the post-larval development of the 
most highly specialized species. He then jirodictiMl that though *our Imowlcilgcf of 
i.he tadpoles is less complete, the analogy between tliem and the iish is so close 
that it Is impossible to avoid the conclusion that a similar (but of course not an 
identical) line of evolution has been followed'. Annandale s predietion came true 
*^en I (1932) studied the development and probable evolution of the suctorial 
disc in the tmlpoles of Rana afgfuinn (Ittnther. Similarly, in tln^ case of HomaIop« 
teroid fishes, I (H)32a) predicted that forms intermediate between Vanmaftef^m Horn 
and Fonmmnia Oshinia still remain to be discovered, and so it, was no surprise when 
'Fang described Prapfonnomvia. The entire classification of the Homalopteroid 
fishes is based on adaptive characters and when discoNories of future taxonomic 
units can bo predicted, it seems reasonable to lu^lieve that tluTc is some directiveness 
in evolution. 

In 1949, [ discussed how a taxonomist assesscis a s|>opieH and how the value of 
^ charact<‘rs may change* with individual workers or wlien 

Tajeonomy^^and adap- material becomes available. 1 shall extend fhis 

point by referring tt> the changes that have taken place in 
recent years in the olassifie'ation of the Homale>pte*Ti<l lishe's, in whieii e?veri the 
minutest* characters useel for taxemomic purpe>se‘s can he sliown to have some 
adaptive significance. 

In 1920, I piriilishcd a revision of the Indian Homaloptcridae^ and Day’s 
HomaUyptera was divided into three genera. In 19!12, afteT e^xamining ponsideTable 
material in Euroiiean muscumH, I found that this very characteristic family is 
poIyi)hylctic and showed on the basis of morphological eharacters that, whereas 
Hovialoptera and its allied forms woro derived from the Cyjirinicbie-, (Uintromyzon 
and its allied forms have been derived from the Cohitidae. Tn 1949, 1 hacl an 
opportunity to examine the material of these fishes in the Ameri(win muscuims. As 
a result, the pn^vious view w'^as confirmed and tln^ old Hr>maIopteridae was 
definitely divided into two families, the Homalojiteridae and the; Oastromyzonidao 
(Hora, 1050). Though the material available for study of these fishes is very 
limited, we have studieri il^m from several aspecjts, such as cranial osteology 
(Kamasw^ami, 1952), structure of scales (Law, 196f)), and syst^muitics and zoogeo- 
graphy (Sihes, 1962). These studies have shown that llu* (jastrf^myzonidne comprise) 
two definite stocks independently evolved from the Cohit idm*, the Crossostominae and 
the Gastromyzoninac. Further, both the Gastromyzoninae ancl the Crossostominae 
are independently evolved on the mainland of Asia and in the island of 
Borneo (Hora, 1952a). In each group and in each geographical area, there are 
several lines of indej^endent evolution showing thereby that the ovor-riding in- 
fluence of swift currents has moulded several Cobitid forms independently and 
have made them conviirge so as to look superficially alike. For lack of enough 
materia], our Investigations into the so-called Homalopteridoe of the older writers 
are not complete though I have been studying this family of fishes for over a 
generation now. True enough, Darwin enunciated his theory of the Origin of 
Species on the basis of accumulation of a great deal of data, hut such encyclopaedic 
knowledge is perhaps not possible in these days. Now is the ago of intensive 
studies, not of a single order or family but sometimes of a genus from all aspects. 
Though on account of the time factor, it may not be possible to demonstrate experi* 
mentally the role of adaptations in 8i)eciation, one will have to turn to the sjxicialists 
of genera and species to build the edifice of the science of Organic Evolution. 

Both Annandale and I have been greatly impressed by the fact that evolution 
•; does not follow a straight course. One notices at every 

^ requirements of the environment 

sometimes the characters converge and sometimes they 

f 
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diverge, but always with thp ultimate aim of achieving the same object. In the 
study of the linrnnlopterid llnheH or the iishes of the Glyptostemoid group of the 
family Si>»^*rid;A4‘, one (amen acro«8 divergent and convergent evolution in regard 
to* every taxonornK* f;haract<T (Hora Sc Silas, 1952). The sum total of all th^ 
charactern couMtitufeH th(‘ organism which shows a remarkable adaptation to the 
envinuiment, whatev’er may be the line of evolution of each character. Thb evolu- 
tion fif each character is fletermiiu d by the initial stage at which it starts so that ^ 
acts as men* clay under tin* pressure of its environment, which moulds it ahd 
remoulds it so as to keep it fully adjusted to the re<|uirement8 of the external 
condition of its existiTice. 

How do new charac- Annaiiflale (1924fi) thus summarized his views on 
tern arlfwo evolution: 

‘Mendelism is true in some cases; some sjH'cies produce mutations, but 
gradual ehiin^es also take f)lace under the influence of environment, and are 
perpetuated In some eircuinstariees theH<‘ changes are utilized and become 
more stn»ngly «leve|o|M*d, in .Home they province harmless by-prcslucts; in 
others the n sult is harmful and the rHC(» jK^rishes. No one formula can express, 
much less 4‘xplain, evolut ion.' 

Annandah^'s time we have* observed many more facts concerning adapt- 
ations ; We an' ac('ordingIy in a position to take a much holder stand in evaluating 
their importaiK'c in (‘Volution. \Vhatev<*r may be the source of x^riations, 
IiainarekiHm, Mendelism, narwinism. Weismannism, or any other, each variation 
is .subjected to the test of its fitne.ss to the environment : if it passes that 
t«'st it surviv<*s, other\vi^4* if j.s wiped out. The most predominant factor in evolu- 
tion is adaptation and hr, Tain is, thereby, p(*rfectly justified in cautioning 
stiub'iits of ( Volution (hat tlios(' characters or variation patterns that have been 
de.scribed as non adaptive or raiulom should propiTly he described as “un- 
investigated**. One must not assume randomnc'ss (or selection) without proof*. 

In the ('Volution and distribnt ion of the hill-stream fishes of south-east Asia, we 
have now found tliat tin* orogi nic movements that gave birth to the Himalayas had 
a great role t(» play. The moveiruuits aiYect(*d the noiglibouring countries and 
produeiMl many n'sultant mountain ranges. Thi' stfeams in the Himalayas and 
the associat(‘d mountain rang(‘s became rejuv(*nat(*d with each upheaval, thus 
providing a v('rv favourabU' stimulus for the production of more and more s|)ecialized 
adaptive' lislu's. .\s tlu' j>eninsular n'gion remained more or less stable during 
thes(' orogi'oic Tni>vcmcnts, w'e did not understand the evolution of new genera of 
fishes in the West(*rn Ghats having atlinitii's with those found in the Assam Hills, 
Eastern Himalayas and fiirtfuT east Now we know that this was made possible 
by the tilting of thi' Peninsula by which the Western Ohats was uplifted and 
the streams in it wert' rejuvenated (Menon, 1951), thus providing a direct cause for 
th<' production of g('nera like liharatiia Hora and Tmvancoi^a Hora. JFTence it will 
bt' seen that we require to suppk'inent our biological studies with a knowledge of 
the palaeogeography of India before we can hope to nnd(Tstand the problems of 
evolution and distril)Ution of <nir torrent-inhabiting fishes. 

In the above' account of various Hs|x?cts of a^iaptations and their Bearing 

Prtocip!e» of evolution ^ ‘if'*' o“ observa- 

timw I have maat' myself or of u'hich I have personal 

knowItMlgp. T am. then*foro, in tho forttinate position of beinfi i^ble to substantiate 
oach obsorvatifm Mith morr (U taih'd information. It will In' seen that the following 
hiologiral principlos can l)o onnnoiated for a proper understanding of evolutionary 
changes in nature; ^ 

1. Now* characters, as a rule, arise as modifications of some pre-existing 
structures. There is no such thing as the evolution of entirely new 
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’ <^arsoter8. Thus there is always an organio Unit between the peat 
and the present. 

2. The evolution of characters is governed by the innate tendeneies 

of heredity, as well as by the external environmental intlueuoes. In 
• fact, both Nature and Nurture play a siguilioant |Mvrt in the niake>up 
of an individual. 

3. New variations or characters, by whatever means they may arise, are 

tested for their adaptiveness to the external eonditions of the 
existence of the organism concerne<l. The non-ailaptive characters, 
if harmful to the existence of the organism, disappear or the race 
perishes. In the end, only adaptive oharaoters persist and form the 
basis of future evolutionary changes. It must be remembered that 
evolution is of the animal tluough the production of purposeful 
characters, and not of the characters without any relation to the life 
of the animal. 

4. Evolutionary changes are thus directed towards achieving certain 

definite objectives. Evolution takes tortuous paths fur the attain* 
ments of its objectives, for it goes on moulding and remoulding 
pre-existing characters to lit them to the needs of environment. 
This view is amply justilied by marked divergences and convergouces 
one comes across in Nature. The same objective can be gained by 
similar organisms by applying diflorent moans or conversely by 
different animals by resorting to similar raodilications. 

6. Fluctuations in environmental conditions, whether of the gene-complex 
or the animal as a whole, are the main sources of variations and 
thereby of the production of new characters. In the case of the hill- 
stream fish-fauna of south-east Asia, the production of new families, 
genera and species can be correlat<'d with the orogenic movements due to 
the birth of the Himalayas or other similar violent earth movements. 
So long as the environment remains static, the organisms do not 
change very much, but any dynamic environment, such as torrents, 
marshes, estuaries, shore-line, etc., is an open bo<ik for the study of 
evolution. Palaeogeographical changes have very often converted 
a static environment into a dynamic one and it is during such periods 
of the earth’s history that vast evolutionary changes have been 
observed, 

I believe I have made it sufficiently clear that the study of evolution is in the 
Go 1 si n main a study of adaptations. Adaptations resolve 

™ ® themselves into two main lines of investigation : the study 

of the characters of the animals and the study of the environment in which the 
animal lives^. The study of characters has advanced to a very high pitch of 
efficiency, for we are now studying the minute parts of chromosomes and interpreting 
them in* terms of heredity. We are, on the other hand, still very ignorant 
of environment. This deficiency is mainly responsible for our quarrels about the 
theories of evolution and for the inadequate understanding of man and his needs. The 
future lies in ecological studies, w'hethcr of organisms or of man. 8o long as 
we remain ignorant of environmental gradations, it is better to follow Dr. Cain’s 
advice and treat apparently non-adaptive character as ‘uninvestigated’. This 
attitude of mind will at least enable the younger generation to investigate nature 
more thoroughly, and thereby, to cull from it the secrets of evolutionary changes. 

Rsfbrxncbs 

Annoodale, N. and Hora, 8. L. (1022). Parallol Evolution in the Ftoh and Tadpoles of Mountain 
Torronto. £sc. ind. Jlfus.,fl4, 606-609. 



PRESrOENTIAL AI>UBE88 : A1>AFTAT10K AHIi KVOLUTIOH 


I7(t 

% 

AnmntM*\ K. Evolution Convorgent and Divergont. Proe, Ind. Sei. Con^.^ 11> 

\ 

Aimanfinlo, X 'Hi#* Evolutif»n of tli« HhoU-ScuIpturo in Frosh- water Snails of the 

Kuiiuiv V'lvipfiruhie. Pfftc, Xoc., {B)96, 60-76, 
f-ain, A. Tl 01 *”;),* Xon tulaptivi* or Neutral charoctertH in Evolution. NcUure, 168, 

4‘M. 

(Wter, <; S. (1951), Non Hfluptivo r-hara^itors in Evolution. Nature, 168, 7W-701. 

Dodfts n. S iin«l Hi>wivv, F. L. (1924). Koologiesl Htudios of Aquatic InHocts, I. Adaptatioj^ 
of MjiyOy Nyrnplui to «wift tit reams. Ecedoyy, 5, 137-148. 

(iitswm, A. U. (1923). Ilydro^lynaTuicjul roHiatanco in ^The Mechan‘ic(d j/rO})erties of Fluids\ 
I^itvion, IH3 209. 

Honx, N. h. ( 1920 ). Kc vision tho Indian Honialopterulm> and of tho gfmuR P^lorhynchus 

(('yprinidat’). lUc, fml, A/ ?,<#., 19, 195-215. 

Horn, S L. (1921), fuctian ('yjirinoid flnhca belonging the genua Garra, with notoB on related 
iob froin other coimf Htc, Ind. A/w*., 23. 633-687. 

Hora, tS. b, (1930). Ki^dogy, Itionorueft an<l Kvr*lutu»n of tie* Torrf»ntial Fauna, with special 
leforerieo to il.r organs of at iJn >LiiM-nt . Phil. Tranji. Hoy. #SV>r. /^oad., 218, 171-282. 
Hora, S. b. (I93oo). 'The vahe- of li« ld olmorvnti«)nH in the wtiuiy of organic evolution. Proc, 
//••/i. Sci. I'ofufT,, 17, 1 15. 

Hora, H. b. (l93o//) Atutnal plastieity itfid <>nvironnient. AVi/i<r«, 126, 436-436. 

Horn, S. b. M932). ri«»v»'lopniont and [>rohable evolution of tho Huctc»rial disc in the tadprdes 
of tiffhanti (iuntlior, Traua. Hoy, Soc. Edinbunjh, 57, 469-472. 

S. f, (I932u). (1iirtsih< ution, Biononue« and Evoluti(>n of Honuilopt«>rid ftshcH. Mem. 
Ivd, .Uavsr.. 12, 263-330. 

Hora, S, b ( 19326 ). (johtotd FishcH of Tomcat ial Streams, dc/airyya Hay Coturnemoratum 
Vtdutnr., 92 98, jd. I. 

H(»ra, S. 1,,. (1935). .Aur-iont Hindu (‘onciqifion of borndation between b^rxn and locomotion of 
finhoH. ./. Attiai. Sf)C. Science., 1, p. 17. 

Horn, S, b (1919). 'ravonoinir AMMewHfni'nt of a api^'u^. J. Zool, S(jc, India, 1, 91-1(»0. 

Horn, S, b. and Sihiw, E. (i. (1952). Evolution and Dint ribiition of Glyptowtenioid fisbc'H of tho 
family Si‘H*uidfie, ((JnltT: Silurouloa). Proc. Sat. In/tt. Sci. India. {In Prena.) 
flora, S. b. (1952). Tarallol evolution in ('r<»H8ostonud Fishcw on the mainland of Asia and in 
Borneo. PrtK.. \at. frtet. Sci. Itulia. {In PreMs.) 
flora, H, b. {I952<i). I’arallel Eveluthm in the (jaatruinyzonid Fiala^i on tho mainland of Asia 
ari<l Ihifiieo. Proc. NfU. InM. Sci. India. {In Prese.) 

Horn. S. b. (19526), Independent evolution of pgeudechenei/f Blylh and allifni forms in S. E. 
Asia. ,/. /I.'r^g. S(K. {In Vrens.) 

Ji>nt'H, F. VV. (1931). The < hanging fKunt of view'. Med, J. Aufftralia, 3, 2, 25I-26H, 
l^aw, X. (1950). Tht' sealert of the Honialopterid fi.sln'H. Her. Ind. Mus., 48, 69-84. 

Mt'non. A. tl. K. (1951). Distributiouof t'biriid ftHla^aand its Higjiificaneo in 7.oog(M>graphic Hludic^, 
Proc. Sat. InM. Sri, India, 17, 291 3<K) 

liiuui^waiuy, b. S. (1952), Skull of (*yprinoid Finhes in rtlation to Phylogonetic Studies. Tho 
skull of Hoiimlopierid Fialcv. Pr<K, Nat. InM. Sci. India. {In Prcfts,) 
fUiruuHwainy, b. S. (I952ri), Skull of Cyprinuid Fishes in relation to Phylogenetic Studios. 4. 

The skull <»l (iastrofuyy.onid Fishes. Proc. Nat, InM, Sei, India, (In Press,) 

Shull, A.F. (1951). Kvdution, 35. 

Silas, E. (b (1952). Chkssific4itiun, Zoogi'ography and Evolution of the Fishes of tho Cyprinoid 
Familii^ Hoiuak>ptond«m easd Uastromyzonidae. Rec, Ind. Mas., 50. (In Press,) 
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In a recent paper Auluck and Kothari (.fr.) (1951) (later referred to as A-K. 1) 
*have given, in the framework of the olaHsical electro-magnetie theory, a modified 
definition of the Rieaz p^itontial. The usual definition of the Riesz potential 
(Fremberg (194f))) givt's, on analytic continuation to a - 0, ilu? Maxwell jHilential, 
whereas the modified definition of the Riesz potential gives the Wentzel pc^tential, 
and hence appears to be more suitafilo in cjiiantum elecfrodynamios. The object of 
the present paper is to discuss explicitly this corre8j)ondence between the modified 
Riesz potential and the Wentzel potential. 

We define the metric tensor g^iv as 

^00 J = 922 = r/38 = i 9tiy = ^ 

and take the velocity of light as unity. Following Dirac ( 1947) the scalar product of 
two four- vectors /l^, (the Greek suHixes take the values 0, 1, 2, 3 and the Latin 
suffixes the values 1, 2, 3) is denoted by 


[A, B] « = AoBo-AiBi---A^z-AnIh = AoBo-iAB) 

where (AB) is the scalar product of the space parts of and Bfi. The length 
(positive) of the space part of a vector Anin wTitten as | -1 ( . 

The modified Riesz |X)tential (A-K. 1) is defined at a simce-time point x by the 
following eciuation (which represents a Fourier expansion) 


where 


and 


Al (X) = //(a) (1) 

= ( 2 ) 


«(«) - ^^12)1X1 -a/2) 



(3) 


D is the four-dimensional domain bounded by the light-cone k^>0, \k,k'\~(), 
in (z*) in (2) is the current-density four- vector and the integral in (2) is over the whole 
of space-time. The parameter a is arbitrary: The integral in (1) eonverges for 

j. .. 

We first calculate the potential at any point x, due to a general charge-distnbu- 
tion. Substituting (2) m(l), we have 


M J 1> 4 5 


V^L^XyUl— No. 8 , 
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To ovaluato this wo oonaidor a typical integral 

/* « I 

J a 


(6) 


Trarirt forming the integration variables from k^ to k^ Kit K%t K%t where 


and hence 


we have 


d*k - d^K, 








y/h+l^‘ 


To aiiiilyl iciilly continue tlviH to a = 0 , wo may niako u»o of the Riemann-Liouville 
integral 


a-^-O 


Lt « J 3^"^ f(x) dx ■■ /(O) 


.. ( 6 ) 


MO t hat 


ft _J_ r 0*1 If I -Ulfjr) 

4ii*»j,/ i^r 


TrauMforming the above integral into polar co-ordinatea |A' | , 0, and integrating 
over we get 

•' iKlmoJ 9—0 


-wl ' l J i#f t-o 


diK\ 


or 

where 


“ 2^i (®(-^o-|j^t)-8(^o+l r|} 
/®-« JA(J-) 


A(*) - {S(<o-l«l)-«(j-c+l*l)) 


• • • • 


( 7 ) 


(8) 


i 8 the Hei«enborg delta function. 
In view of (7), (4) reduces to 


r J 

For the case X 0 > i®', which is of physical importance, only the first delta f<inction 
contributes and on integrating with respect to Zq', w'e get 




( 10 ) 
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( hich.ia the olasaical retarded poU>ntial. It will bo noted that for a*© <*o'. W 
telda the advanced potential. 

If the ourrent is generated by a single point -particle of charge e, mtb have 
where 3 is the space-time co-ordinate of the particle. In this case (2) reduces to 

** 4^2j (* *' *' •* 

J -00 

* T being the proper time of the particle, and its velt)cily at the point 3 oorresp*»nd- 
ing to the proper time r. Making use of (1 1 ) w e can write (1) 




//(a)e 

4trS» 


J -00 J U 


whi(jh, when integrated over k in the same manner as shown above for the case of a 
general charge distribution, reduces to 




/•To 

V -at) 


)A(J’— 2) 


( 12 ) 


It can easily be seen th^t (11) is a solution of the equations 

= 

and 

dA (x) 

- = -eMx-z) (136) 

w'hich define the Wentzel potentials. This show's that the modified definition of the 
Uicsz potential, when analyticfflly conf inued f o a — (>, leads to 1 he Wentzel potential. 

VVe shttllnow consider (12) in a little more detail. If the point x lies inside the 
future part of the light cone of 2 at the proper time t, i.c. if 

[ar— 2 , *— 2j>0, Xo—Zo>0 (14) 

then for this case, since the A -function vanishes over the entire range of integration, 
A/i(x) = 0. In the case of the point x lying outside the light cone of 2, i.e. 

for [a:— 2, a:— 2]<0 .. .. .. (16) 

there is just ohe point of t, the retarded proper time for the field point x, where 
A -function does not vanish. Therefore, in this domain, on integration, one obtains 




[*), x-z) 


ret 


.. (16) 


where ‘ret ’ denotes that the value of the function is to be taken at the retarded proper - 
time. This is the classical Lienard-Wiechert potential. 

If the point x lies inside the past part of the light cone of 2, i.e. if 

[as— 2,ar— z]> 0 , aS(,— 2o<0, 

there are two values of t for which the A -function does not vanish, ^e 
'd&iTesponds to the retardcMl proper time of and another to the advanced proper time 
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of r. 'Fho coriti'ibution to the ].K)tcniial from the ret«rdcd p«)per time is the sam^ 
(iH ( H»), while it cun i^asily he proved that the contribution from the advanced prope 
t ime is 


{v, x-z] 


adT. 


whi-n* ‘u<lv' ilttnoln.H that the v-alue of the function to l>e taken at the aclvan^""i 
proper time. Thu» for tht* domain defined by (17) 


r \ 





— r 

rrt 


ie, j:-2l 

(»’. •'•-zl 


A (.r) S 3 i 

r* 


Suinniifig up our results we have 


adtr. 


(18) 


1 (f) = 0 




when (14) holds 

r- i' 

,^V 

p-. f--2l 

irl. 


when (lo) liolds 

rs3 4 

1'', .'•-zj i 

1 

rrt. 

1'-. ^-zl 

when (IT) holds 

udv. / 


( 19 ) 


'(’he pnleutial on tlie world line of (he electron will ln' gjveii by 
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. v^orUi liuf 


•j I i je, .r - 2,1 
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( 20 ) 


\\hi‘ii He (ak<' tlu' limit .r 


o. It can be «hown tliat in tlie limit (1M>) nduces to 

. world line 


. 1 . 


rr 


h • 


(21) 


'This result eau iilso he derived usinj^ Fremberg’n definition for tlie IJiesz j>f>tenlial. 
'riu' li(‘Id tensor can h<» deduced from (10) l>y diflt rent iat ion 


dA^, 

JL^ 

dz dx * 


(:J 2 ) 


The derivat ives have to he taki'n with respect to tlu* field point but the quantities 
occurring in (Iff) an' the functions of the co-ordinates coiTes|K)nding to either the 
retarded or tlu' advanced proper time. Advanced or the retarded proper times are 
<loliued by the relation 


and from this it follows that 


Using this relation wo have 


l.r- 2 , , 

x-z] s= 0. 

dr 

Z",.— z.. 


/* p . 

dx^ 

K^-z] 


(23) 




I rrt. 

IVU. 


when (14) holds 
when (16) holds 

■ 1 I odv. 
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(24) 
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I M»' tulv. 
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«t. . . (26) 

adv. 

The Held on the world line of the electron in, therefon*, giv'en by the usual 
expression : 


F 


.world 11 q« 

HV 




.. m 


SoMMAUy 

It ig known tliai tho uBunl di'finition of Uio Hiogz potc'ntiiil five's an analytic oondniialion 
to a ^ 0, iho Muxwi‘11 juilonlial, whoroas <h<* modifiod d<'liniii(»t» jrivon by Aniuck and KoMiari 
giv<^t ho Wontzol potonUul. In thig papor tho oorrog])ond»‘n( o bt^wot^n I ho modtfliHi Ktotis 
potonTiarw^^d tlio Wontzt l potontial is <‘xpUcitly worktMl out. 
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I, Gknkbal Survey 


In part I of this scries, Ramasastry and K. R. Rao (1947) ♦ rei>orted tin' results 
of their investigations on the al)sorption spoetriim of carl>on-diHul])hido in the 
2 Ul) 0A. region. The hands were ascribed to an allowed electronic transition and the 
lung-iT^lg^^wogrcsaion of intense bands tirst reported by Price and Simpson (1938) 
involvin^hc totally symmetrical vibration of the upj)er stale having a fre(|uency 
of 410 cra."i was conlirrned. From a second similar jwogression, newly observed, 
tlie energy of the betj^ng or the deformation vibration of the excited electronic 
state was estimakal to be about 235 om.~*, on the basis of Il(>iv4)erg and Teller’s 
selection rules for an allowed transition between two eh'clronic states in both of 


Avhich the molecule is linear. The intensities of th<‘ bands within each progression 
and between the two progressions, considered in rc'lation to the ,Franck-(>)ndon 
principle, indicate that the bond distance is considerably increascid due to the 
electronic excitation while the bond angle has not altensl sensibly from 189®. 

In this part, it is propo.sed to give the details of an investigation on the near 
ultraviolet absorption of CSj vapour in the region 38<M)A.-2990A. Wilson (1929) 
published a comprehen8iv<‘ catalogue of the wavelength data of about 070 absorption 
^iltjaks in this region. The viork of Wilson (1929), .Icinkius (1929), and Watson 
and Ihtfker (1931) was, however, done when not much was known even about the 
ground elecIVonic state of th(» molecule. A fairly complete knowledge of this state 
is ava ilable at the present day. The molecule is linear in the ground state, the 
- uC^o^on-dogenerate vibrations, one of which is totally symmetrical and the other 
anti -symmetrical, are known to have energies of about vj' - 956-5 cm.~* (in liquid) 
and V3' -- 1523 cm.~t (in gas) and the third which is the doubly degenerate bending 
vibration has the frequency vo* “ 396-7 cm."^ (in gas). Later, Liebermann (1941) 
analysed the rotational structure of six bands in this njgion. He mentioned that 
Herzberg also attemp^l an analysis of the bands (unpublislu^tl work). Mulliken 
(1935, 1937, 1 ^1. 19 4^n a series of articles developed the view that the upper stakf 
of the nea^ltraviolet band system of CSj is probably *77^ if the; molecule remained 
linear ; the forbidden electronic transition between this and the ground electronic 

level bmng, however, made allowed by vibronic selection rules (due to the excitat ion of 
non-totally symmetrical vibrations). The observed low intensity of absorption in 
this region compared to that in the A 2000 region points to such a possibility. More 
recently, supported by the work of Liebermann (1941), Mulliken (1941) confidently 
asserts that the molecule is bent in the equilibrium configuration of the upp<!r 


electric state in which case the (of the linear molecule) level would split into 
electronic states (appropriate for a bent molecule). This would make 


* * See this for earlier reforeocea. 
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rxtrnhivi^ HiTWH ill i/|' u!id f'./ possibhr which can probably explain the ix^rplexingiy 
large number of the bandsJ observ'ed. 

2, APPHOAr!H TO THE PltnBLEM 

Ah n part <if the general programme of work in the spectroHCopy laboratory of the 
Andlira Tniv'ersity, the author consideretl it cleHirable to investigate the 
Hritern of 0^2 *uoleeule in the light of the <*xoellent work on the XY2 type triatomic 
nmlreulrs uutiate<l by Miillikeu at the Ryerson Physical Laboratory (on the 30,tMKt 
lint .M/jrieli 30 ft., TiJ in. ruh*d surface (’hicago grating) and in view of the recent 
d»*velo|HnentH in the interpretation of the vibrational structure of the near ultraviolet 
sp«*etra of polyatoini(! molecules, particularly benzene and its <lerivatives. As the 
number of absorption bands of ('82 n^eorded by Wilson between 3K00A. and 29(M»A. 
is very large, it is ennsidend in cessary to find out in tlu* brst instance to what 
eondition.H of the absorbing gas do tin* various measurements eorreH])ond. As it is 
well known that tlie absorption bands grow more intense and broad(‘r with inen^ase 
in the miTnfa'r of molecules of the gas encountiTed in the absor])ing })ath and the 
liUij|H*rat iin* of the gas, arid also because it is known from tln^ work of denkins (1929), 
Kush and Loomis 0939), arul Liebermann (1941) that the si nieture of cai b V.iui 
f^xtend.s in eertain eases to as min h its 17 to 20 wave-nun her units, it ‘'^ ei ted 
that a study in the propositi direction should make it possibh* to assoeiate some of the 
ban<ls nuasurisl by Wilson with tin* rotational detail of tlie more jirominent ones. 
If this is done, tlunv may lie only a comparatively smallerr:'»umber of bands that 
an* to lx* aeeountiMl liy vilirations. The most intense portion of a band can also be 
accuralely located for use in tin* vibrational analysis. This has iu*eessitat(‘d a close 
study of the devi'lopmeiit of the liands right from the condition when they made their 
first afipearance to that when they are obliterated by continuous absorption due to 
the inten.silicat ion, broadening and conse<|uent overlapping by iu*ighbouring bands. 

Alsi), us has bisui poiriti'd out by Wilson (1029) <|ualitati vely ami Mulliken (1941) 
from tlieoreticai considerations, the apparent complexity of the spi^otnim may be 
due to tlie pn*sence of rnon* than one overlapping system. In such a case, it can 
he argued that because the positions and intensities of all such systems will not in 
general Im' exactly equal, it might lx* possible to isoKite at least the intense 
belonging to tin* most intense of these systems by reducing the number of rr decules 
in tlu^ absorbing pat h to sucli an extent that bands of the other less intense fiysteins, 
if any, become either extremely weak or do not appear. If the expected sim}i’’^cn- 
iion of llu' s|H*ctrnrn occurs, it >\ould also be easier to attempt a vibrational analysis 
of the bands. In filanuiiig these ('xperiments, the author had in mind the absorption 
H[>eotra of the m»ar ultraviolet band aystoms of substituted benzenes. 

3. Experimental 

S<i it is sought to rciluce the number of molecules in absorbing gas until 
the number ofbands recorded is the minimum. Such a condition is Huo.n in Plate 
\'(a) from which about a dozen prominent bands alone could he measured. The 
absorbing coUmin is 2 5 cm. long and the side tube containing the CS 2 liquid is kept 
surrounded by ioc + salt mixture at — 15*^0. The experimental set-up is similar to 
that employed in the earlier investigation on CS 2 . Plate V(6) represents the 
spectrum taken with a 3-cm. all-quartz absorption cell at a temperature of 27®C., 
pressure is not knownti. The condition just marks a slight intensification of the 
absorption ovvr that in Plate ^7^). 

Tlfoni Special rapid plates were used to photograph the bands. Ex;^surc 
time ranged from two minutes on the Hilger Medium Quartz to one hour on the 
Hilger Quartz Littrow with the source of continuum a 12-volt 26-watt tungstcT 
filament lamp with a special sucked-in thin pyrex window, supplied by the General'’ 
Electric Company* 
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4. Analysis 

In tills section, some regularities obserYwI in the absorption spectrum of 
ipour, in the region A 3450-A 29iK> will bo pn'sented. Th»>ugh they have no* lew to 
vibrational analysis of the entire band spootruni from A 3800 (o A29(M', 
it is eonsidcred that the regularities noticed are of signilieance and may us well form 
•the starting point for the analysis. 

To begin with, bands observed in Plate \'(«) alone are ci>nsiderod. No two 
prominent bands differed by any of the gn)und stale vibrational freqnenoies 
of vi’ ■ 05l>, vz' - .397 and ej' 1523 cm.-h However, 31 1!>!> -30.529 070, 

30529 = 054 and 31975— 3l318=x057 wi-re noted, of which the last one only 
is c7)h..-..'twit with the relative intensities of the two bands coiuH'nu'd. The j)icturt> 
^ did not also reveal any unmistakable progressions. 

** A Hi'urch has also been made among these bands for an interval of about 
270 cm.**, long and prominent progre8si«inH of which were noticed by the earlier 
iiiv(*stigator8 in the long wavc'hnigth region between 375oA. ainl 3425A. Thiswa.s 
aisp not succe.s.sfnl. The antlnn’s findings on these' long wavelength progre.sHionH are 
reserved for pnl)lication in a subsequent communication. Snllice it here to say 
270 cm. ** progressions started in the 3700A. region and teml to [wogress 
(owae,./.‘^iorter wavelengths. The interpretation of 270 on>. * as an ui)per state 
vilirational frecpiency imcessitatcs the location <»f the origin of the band system at 
the long wavelength end (»f the spectrum. The. absence of this interval in tin- 
AA3300 21)00 regioirfhows that there are two different band systems involved, one 
in the long wavelength region and the other in the short wavelength region. It 
should h(! noted in this connection that in Plate \'(a) there are no hands re.eonlcd on 
the red side of A 3274 (5, v30529 and only a f<!W isolated bands developed ut moderate- 
ly higher absorption paths. Bet ween 3450A. and 3350A. ( ho region of ma.ximum over- 
liip between (he two band systems, one can expect some bands of the short wavehmgth 
sy.stem w'hich arise from the vibrating ground state of the raolecul(\ It has thus 
become possibh- to some extent to isolate the bands belonging to the short wave- 
length .system which is found to be more intense than the long waV('IengtJi system. 
Ex])erimentaIIy it appears justifie*! to consider most of the bands in the reproductions, 
i''s(e \', as belonging to a siitgle system. 

Vf-rn-Uhe absorption pictures obtained at moderately higher pressures and longer 
path lengths, ])art,icularly the Medium Quart/, spectrogram shown in PlaU* VI, it has 
' possible to find a few progressions of hands involving an intia val of about 

450 cm."*. These arc indicated below. 
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M<>hI of till* ititctisf fiiiinis it) th<' rt-friort ;{!5ooA. ^ItooA. could he inclutled in lb'‘ 
iihovo proj^rc.ssions. It sl)oul<l ho nii'otioncd here that Wilson (1929) also^O . ('' cd 
the ddh-n-nces :t!:(U-:to9<M) .»44. 1198-29700 442 and 21 lH2-29‘/:W"" 444. 

1 hr irn*^ulurit irs in tin* ;ilM)vc-im‘n1 ioned 450 orn."^ |)ro^ressioiis are uithin tln^ 
rrmrs <»!' Trusi.snnincnt , as exm in fh(‘ most favourahir casrs the dilTerent 
nH'asnrr'tnents <lilVered l>y uhoiit tun wave niirnhers. This i?i due to tlu‘ nature of 
the hands. Wlien* shar[) heads are found thes(‘ are measured, while in most other 
Oases the oentr(‘s are measured, deiddns (Ht20) {)ointed out that most of tJie hands 
are ofsimph' hruneh type and it is the posit iems of the intensity minima rather 
than tin* maxima that are lo la* us(‘d in forming the progressions: the former 
eorres[)ond to the so-ealltMl missing lines uhilc‘ the positions of tfu* latt(T are liable tr) 
llu(*t nations with (4iangt*s in tin* absorbing path of th(‘ gas. Tlie location of the 
minima is no doubt f)ossihl<* in the east* of em-tain hands even under the compara- 
tivc'ly lowin’ dispersion employed in the present invTsligat ion. As it could not, 
howi’Ver, la' don<‘ in the eas(' of most otluT hands, the above-mentioned method of 
lueasuremtmt is adopted. If higher <lispersion is em])loyed in this region of "ae 
absorption spectrum, it could he expi'cted to systematise the intervals in above 
progressions and indieati' suddmi jumps, if any. [ti forming the ahov^'e progressions 
the ijualitutive appearanci' of tlu* individual hands is kept in mind to he of guidlirih 
in the interpnda-t ion (d the vibrational structure. The reality of the progressions 
eannot he douhterl and an averagi' value of 45o cm."^ is adopted as the characteristic 
interval of these [)n»gres.-;ions. 

From its magnitudethis 450 cm has to he considered as a vibrational fre(|uency 
of the Hpi^f eleetronie state. There are two possibilities for its interpretation: 
(1) as the C-S bending vibration (ground state value .'197 (^) as the 0-S 

stretehing valenee vibration »•/ (ground state v'aluc t>56 of those 

aivepts an increase in the vibrational frequency due to the excitation of the electron. 
The ohservc'd violet degradation of some of the bands also indicates that the moment 
of inertia has decreased in the upper state. If the molecule retained its linearity, 
this would mean a di'orease in the internuclear distance presumably due to an 
increase in the bond energies which wouhl result in an increase of the vibrational 
fre<|uencies. However, in the case of the polyatomic molecules the vibrational 
frequencies generally decrease w itli the electronic excitation, though the possibility 
of increase cannot be altogether niled out. For a molecule linear in both tht^eleo- 
tronic states, Herzherg and Teller’s selection rules do not permit the appearancwi.^f 
•"2 progrt'ssions which n^quire the coiTes]>onding quantum number to change progres^^ 
sivcly by 0, 1, 2, .*1, etc. The same arguments of the appearance of lengthy progres-' 
siona adx’anced by MuUikcn (1941) against the interpretation of 270 (observed 
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imoi^pthe long wavelength bands) as due to ffeo' of a linear molecule are also applio- 
\Y\ aere. Moreover, the molecular orbital considerations of Mul liken led him to 
^Mider that there should be a deoreaso in the vibrational froquencies due t'^Iitv 
,^ c\^ation of the electron. At the same ( ime the iU-crease should not be ootisider- 
abii) JsrmUy one electron has jumpe<i while eight hoiuling electrons remain. 

This brings us to the other possibility of regarding the 45tt cm.“^ fretjuenoy as 
•epresonting the totally symmetrical (%S bond strt'tching (bn'athing) valence vibra- 
tion of the upper state. There is the expected fall in fre«iuencY from 06tJ to 460 as 
Lhe molecule goes from the ground to the excited eh'ctronic state. The selectio'n 
'ules are not against its appearance. Tn such an event , the <leercaK«> of at. least one 
oMhp moments of inertia required to explain the observed violet degradation of the 
bands 18 probably due to a slight bending of the moh^cuh* in tlu' upper st at e. 

• In what follows, a discussion will be presented regarding the various possibilities 
of the upper state. As for the ground state, the molecule oarbon-<liHijlphide is 
|u)mologous to carbon-dioxide. Both have> zero dipole iiioni(‘nts. 1'he infra-it‘d 
and Raman activity of the fundamental vilmitions indicates that ("S2 like ('O2 is 
inCar and symimdrical and has the symmetry J>nh- The lowest vibronic state, 
;.'4V^^vhich is tfitally symmetrica! can be rejiresented by following the nomon- 

claturv. rel ommended by Mulliken from an analogy of the diatomic molecules. 

Tr/se i, — Linear symmetrical u]q>er state; allowed (decironic transition ; inter* 
nuclear distance not altered. One may expend strong 0-0 liand assoeiated with a 
numl)er of weaker bands dm* to Ld transitions of hotli the totally symmetrical and 
non-totally symmetrical vibrations. Th<‘ ajip(‘arance should ^sotmtehai correspond 
to the Av =" 0 so(juence of a normally developed bandsystein of a diatomic molecule. 
Bands with A^’i 1, 2, 3, vtc. will be weak wliile those \rith A'^i ^ —I,— 2, — 3, 

etc. will hi*, weaker. Weak transitions with A^’ 2, 4, etc. and weaker (due to the 

effect of Bolizman factors in absorption work) transitions with A'C —2,— 4, etc., 
of the non-totally symmetrical vilirations ^^nd ^3) can also l>(» expected. All these 
will be displaced from the 0-0 band by values equal to tin' appro|)riat(^ multiples of 
t he corresponding vibrational frequencies. Associated with each of tin* bands which 
arise from change in the quantum number of either of the non-iotally symmetrical 
vl'^rations there can be preWnt bands due to the 1 I transitions of the totally 
syramcernV^l vibration, giving the appearance! somewhat akin to the I, 2, 

— 1 , — 2,— .‘1, etc. sequences of the diatomic case. 

*-*"\Such features are, however, very** rarely mot with in the? absorption spectra of 
j)olyatomic molecules, but when observed are to bo ascribed to the excitation of an 
dectron from one non-bonding orbital to another or between two rsfually bonding 
orbitals. Then it follows that the vibrational frcfiutmcies in the two electronic 
states differ only slightly and such a transition can generally hv. expected in the 
vacuum ultraviolet. 

Tn the Hear ult^^iolet asborption spectrum of band at A 3204*3, v 31 1 00 

conformsBiA^^ae aoove description. It is a clearly violet degraded band with a sharp 
P-head. Three or four weaker but equally sharp bands develop<!d on its Jong wavc- 
lengtlj side at longer effective paths, their intensity decreasing with their distance 
from the main band. 

31198 3 (16*6) 31181-8 (16-3) 31165*5 (16-2) 31150 3 (17*3) 31133. 

The mean interval between these bands is about 16 cm.-L If, a.s stated 
above, these form the so-called A^i — 0 sequence, one has to explain their 
positions as duo to a decrease by 16 cm.*! of the frequency of the totally 
synn^trical breathing vibration from its value of 656 cm.*** in the ground 
stew as the molecule gets into the upper electronic level. 1^/ will then have a 
/alue of about 656—16 — 640 cm.^^. But this interval does not recur among the 
other bands. In this case the expected picture of the band system is extremely 
simple and cannot explain thc^large number of bands actually present. 



1H2 


<•, KA«\.S\.STBY; bam I) spectrum op cabbom- disulphide, pabt u 


'f’hft f)o«»il)ility of regarding this 16 cm."i a« Apj will be considered in tbA 
nfxt N<*cti<)n. \ 

K ( nyi iL— Tho molecule in linear symmetrical in its upper state and the electruiy 
franmnon is an allo\mi one. Also the internuclear distances in the two electrcn' 
dirtcT only moderately (slightly less or slightly more for the stationarViikjcl^ions 
nf I \x*^ fiiiclri). In this case the 0-0 is generally very strong though not the strongest. 
I5i0 thn i Kcitation of the totally symmetrical vibration of the upp<,‘r state by a few 
tinantfi (I , ‘J, ‘1, t, etc.) can make the internuclear <listance at the end positions of tin* 
approximatidy the same as in the vibrationleSwS ground state — a condition 
iuHordif^g to the Franek Oondon principle most suitable for the electronic transition; 

( electron jtiinp takes place an<l the molecule linds itself in a vibrating upper sf . 
'I’Ik' corresponding band \vill be the strongest. 

The ex|>ccl:<Mi prominent features of such an eleetronic transition would be the 
presence of lofig progn ssiofis of single frequency, the most intense of which will be 
(eO(q' (000)"". Next in order of intensity will be the progressions (r2t>)'-{(M!0)*'. 
Th«‘ intensities of tb<' progressions arising from the vibrationless ground state de- 
erease in the onh^r (000)*, (r Ut)'- (OtK>)'', . . . .and fr<)2)'~(00(i)*', 

{.ot)' . . .niui other combinations {e22)'-(<MKt)'*, etc. All the abtn.v 

n pr*' . -nt nllowtsl vabronic transitions for a molecule linear in both the ..^viV/un* 
-Old the <dectronic transition a permitted one. However, the F-C principit' 
r.iv i>ur.s only the first of tliese while it is against the others in which either A '’2 A^’s 
or b(»th are griaitfu* tluiTi /(TO. There are a further s(‘t of progressions allowed by the 
vihrorho seb'ction ruh^s aT\d favoured bv t lie P-C principle. Tfiese are (eOO)' — (rOO)", 
(cl(^)'-^(rl()}^(r2(t)'--(r2o)^....(HM)'l(Hd)^(Ht2)'•--{r^)2)^. . . , and (rl 1 )'-(eI 1 )", 

1 1 (. ,all <if which iru-olvo A^'s A^’a = O and any value. But the Bolt/mann 
f.'udors ar<’ against tlu'se as they arise from vibrating 1o\\(‘r sfnt(\ The F-O principle 
i H against ot\(‘ H(‘t and i h(* Bolt/mann factors against the oMut, the (HKq' (OtHq"' is the 
only one which is favoured by both. An atteiufd has hetm made to tit in the o]>.siTved 
hands of rSj into th(* above sch(*me of analysis hut it pnu^ed futile. For instance, 
taking 1*0029 liand as tin* lirst rmmiher, tin' intense bands do not form into regular 
l»rogn\ssjons. (Oompare tlu' appearanct? of the 2000A. system.) From tlu^ clescrifiiion 
of the bands in the n'gioTi idll 139 — v31 133 given undei; case (i), they may as well be 
du<‘ to A ^’2 — A^’n — t). If they represent the 0-9, 1-1 , 2-2, etc. transitions invol’ Ing 
tlie deformation vibration, we have cm.'"^ or V 2 ' *= cm.-'f * d'heap- 

p<Mranc<' of as many as four members on th<» red side with such intensity can bo mon^ 
easily (explained from tlic point of view' of both Bolt /maim and statistical weight factors 
wiu*n the transitions involve the bending vibration wdiich has the smallest frequency 
of th(‘ ground statt' “ *397 cm.*"* rather than = 656 cm, “* wdiich was consi- 
dered in ease (i). A search for intervals of 2 ^ 2 ^ — 762 cm. "* proved futile. Tliough the 
two prominent hands, 30529 and 30900-30909, differed by 371- 3K0 ora.-*, this 
frequimov value of 380 cm.-* for the upper state deformation xibration could not 
explain the other intense hands in a confii8t*ent way. ' 

Hi , — Linear symmetrical upper state, allowed electronm^fmiisltion, the 
internuclear distances change considerably. The expected features xvill bo almost the 
.same as in ease (ii), the 0-0 band will, however, be very weak because of F-C principle. 
Nev'ortheless it should bo possible to locate the 0-0 hand at higher pressures and/or 
longer path lengths of the absorbing gas (reference Metropolis’s analysis of the near 
n.V. absorption hands of SO 2 and also the CS 2 bands in the 2000A. region). The 
X 3300 absorption of CSg *^ temoio from such a structure. 

Cdfte iv . — ^Linear upper state, electronic transition a forbidden one, moderate 
change in the intomuolear distances, Tliis leads to interesting possibilities. 'S>ora 
tlio observed low intensity of absorption of these bands compared to the A2btv^ 
system, Mulliken put forward the view* that the electronic transition is probably 
forbidden one and may be represented by *J7^— ij the molecule is linear in the 
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excited electronic state also; the g-g selection rule disallows the electronic transition, 
^lowever, absorption bands can Rppl^ar duo t-o vibronio selection rules. For instance, 
ii)e well-known near U.V, absorption spectrum of bensteno has been ascribed to 
bic^en electronic transition and intexproted on the basis of the selection rules appro- 
priati t*, vibronio levels. Similarly in the case of CSjj. even though (he transition 
'*77^— is »i‘>t allowed by purely electronic selection rules, the excitation of vihra- 
Itons of .suitable symmetry eit.lu?r iu the lower or in the upi^’r cieetronic states can give 
rise to vibronio states of such character as to make the t.rHnsit'i<m belA\een them 
allowed. For instance, the excitation of t he anti-syiunietrical vibration Vj hy one or 

odd number of quanta in the totally symmetrical ground electronic state, 
would alter its genuie character into nngerade. Thus tlie transition ((hh>)' is 

allowed by the vibronio selection rules. The hand ((M)l)' - ((KM))' can also np|K‘ar for 
.similar reiisons. Also ((M)0)' "'/7„ and (010)' “'‘/7„-((M)0)' '‘’» 2 ;+ represent 

.illowed transitions. The various vihronie states associated with (he two electronic 
levels <oiil and the vibronio allow<‘d tran.sitions with their {Mdarisntion 
clmracters arc given by Mulliken (1941). In trying to apply these considerations to 
oi.' - '.sSo .spectrum, one i.s tempitsi to interpret .‘lllOO—.’lO.WO 070 as 897 ( V2')4-278 
> 2 ') (siltij of the deformation fre»iuencies of th(‘ Iow«w and upper states). This is all thi' 
more (Uicouraging because long progressions cbnracteri.seil with an interval of this 
(270 cm.~^) magnitude were observed by the previous invc8tigat(»rs among the long 
waVelengl h bands and Liebermann (1941 ), also Mul liken (1941), were incliruKi to ascribi' 
270 cm.“i to tlie bending frequency of the upper .state. Starting with these two 
liands us (010)' (OOO)' and ((MK))'- (010)' os first members, one should find progressions 
of the totally syraraetrical vibration vy of the ui)per state, 'Phis feature, however, 
is not present in the speotrum in a convincing manner. It may be mentioned here 
(hat these two t)andH 81 199 and 80.')29 are members of two separate progressions, each 
involving the same interval of about 450 cm.~^ an<l 80529 is also the first member of 
one of these, but 81 199 comes out only as th<! second mejnber in t in? oIIht progression. 
.\l.so as Bolt/.inann factors come into play in these absorption studies the (»’00)' -(010)' 
progression .should be of lower intensity, member for member, than the (alO)'- ((K)0)' 
progression. But no conclusive statements could l)e made at present as to the 
re,lativf.''p/en8ities of these two progres.sion8. 

Cnjte V. — ^The molecule is bent in the excited td«>ctronic state. This case lias 
I»p( n discussed at great length hy Mulliken (1941) from the theoretical standpoint. 

I n the first place, it would easily explain the violet degradation of the hands without 
the necessity of postulating an increase, of bond energies due to th(! excitation of 
(fiectron. As was shown by Liebermann (1941), the observed rotational structure of 
some of the bands in the long wavelength region consisting of simple P-R branches is 
. not inconsistent with a bent upper state oven if the degree of bending ivere to be as 
large as to reduce thfi’SCS angle from 180® to 126®. 

MoIvAjiai- orbital considerations of Mulliken (1941) led him to consider that the 
upper electronic state of the near ultraviolet bands of CSj has the symmetry properties 
of if the molecule is linear. But if the molecule is bent, as is most likely to be the 
case, the superposition of two electronic states of types and with their sym- 
metry characters appropriate to the Cj, point group of the bent molecule gives the 
symmetry characteristics of the *77, state. In other words, the *77, state appropriate 
to the linear molecule will split into the two electronic states and *^ 82 - 
MuIIilten has thrown further light on these states that the CSs molecule should have 
gr«^r bending at equilibrium and a lower energy minimum for the than for the 
f^ 42 . On this basis, he attributes most of the long wavelength bands to the transition 
‘‘Bj— ; the considerable bending in the *^£2 state makes possible the appearance 
of extensive progression^ o9 the Vf* bending vibration of the upper state. Hus 
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oxjipcte*! etructure has made it possible to assign a value ofaboat270cm.-tforpj' 
of th<* ^^7^2 btato. 

Ji will now he attempted to fit the abort wavelength bands observed in the 
pro^^ent work intfi the expected vibrational scheme of the tra nsit iGnr- 

Fir.-t ly , ( he location of this system as a whole is consistent with the higher'enorgy of 
*Mo with nv-p(*ct to The molecule may not be considerably bent in tliis state ^ 

luid MO ono may not expect very long progressions of the vibration such as those 
noticed in the transition which gives the long wavelength bands. The 

of ])romirinrit progressions of v^* vibration (those of 4/>0 cm.~^ w^ere interpret- 
fd ccirlifT as <liie to the frequency) is probably due to the smallness of bending in 
\]u) Mtale. In trying to get the allowed vihronic transitions, Miilliken (1941) 
rna<le use of the gyrovibronic ({uantum number K, wdiich is the quantum number for 
rotation about the axis f»f least moment of inertia in the molecule. For the case 
of interest lo us at pr(*sent, the spacing of the gyrovibronic levels varying as ('K^ 
becorucM v'ery large tjecause of the constant which would be very large because of 
the smallness cd* l)ending. 

It is enougli if the relat i ve positions of the first members of the various 4/)0 cm.-' 
[)rogressions are intcTpreted in terms of the vibrations because the other 
in each progresMion an' nln*ady (explained as due to A?‘i 1, 2, Tl,. . . . 

X !5‘J7 1 1>, V :ior)29 is a clearly violet degraded batul having a sharp rod edge. The 
\\('aker, broad and dilViist' absorption apjK'aring at prohaldy represents the 

/Miranoh; the band on th(' whole apfH'urs to ]»e om^ of parallel type (having P-lt 
bruTU'lu's only and the (^i-hranch missing). Being a very strong band occurring on the 
i((l fun of lh<' spectrum, it should very likely involve only very small energies in both 
tlu' upper and lou('r ele(?tronic states. On the basis of the select ion rules of Mulliken 
(1911). this may be designates! as (tMdo)' a paralh'l band involving 

;)!>7 energy in the lower state and only the gyrovibronic quantum CK^ (with 

K 1) in th(' uppi'r state. (Tfie single and double prirru's outside the brackets 
ri'h'r lo the uppt'r arid lower (deetronic states as usual, the numeral on thes central 
tiuantnin iiuml»er giv(*s the (juantum inimlKT for angular momentum along the axis 
of (he least moment (»f inertia, corresponding to the I value for the linear molecule 
and th(‘ t value for the Ix'nt molecule.) 

1'he ne.\t inten.se band, A. *1259-5, i/ 39755, somewhat w’eaker than 39529, also 
looks like out' of parallel tyjK', Displaced by 220 cm.*^ it can perhaps be interpreted 
as invoK ing om^ (juantuin of tin* vibration, the transition being (ODO)' 

It may he significant to note that this 226 cra.“^ is roughly lialf the 459 cm.“"^ 
iiUerval ohservf'd in the prominent progressions. Under those conditions there are 
two p«>s^ihilitiev‘‘ of interpretation: (n) 459 cni.'"^ represents two quanta of the vo' 
vihralion i)r (/>) it repn'sents a single quantum of the vi vibration, the magnitude of 
21 * 2 ' approximately e<|ualling r/ being merely accidental. %The former w'os not^ 
tena.l)h‘ for reasot\s stat<'d earlier. In the latter event, one shoilltjMijjjftijt the Fermi 
resonanci' and a w idf^ separation of the levels hy mutual repulsion. '*** 

Brol>al>ly v 39990 and r 30975 arivse duo to such a splitting. It should, howwer, 
bo pointed o\it that 399fK) is much stronger than 30975 and there is a sudden fall in 
intensity at 30975 in the progression starting with 39629 of which 30975 is the second 
member. 30975 can be represented as (lOiO)' M 2 — (OIM))* ai^d 309(X) as (12M))' 

bl o— (91 '9)'' Fermi resonance, if present here, has reduced the intensity of one 

memln^r w hile it has displaced the position of the other. 

The imposing apjxmrance of A 3204*3, v 31199 has already been mentioneuv It 
is the second member of the 450 cm. **' progression starting with v 30765 band and t 'n 
thus bo designated as (1 UO)' 1 J g— (Olip)"' ^17^^ i.c. the location of 31 199 band at a dis- 
tance of 670 cm,”' from 30529 can be interpreted as due to the excitation of 
(460+226). 
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The band 3126-6, p 31975 has got an interesting variation in appcaranci' as the 
pffective absorbing path length is altered. It is one of those few main bands \vhich 
\f.ppear in Plate V(«), at a very low effective absorbing path length of the vajHiur. It 
shows no direction of degradation. Kt-ing line-like, it has got a more promiivoAi 
appt'oranoe than other more inten.se banils At slightly longer paths it shoas a 
delinitc degradation towards the violet but does not broaden appreeiably. while most 
of the other bauds which appear along with it in the lirst picture (Plate \ (a)) devi'lop 
Into broad absorption regions or patches. The author is tein|)ted to consider it 

P O 1 

118 having a strong (^-branch and classify it as (iM)in' ij 2 -.((i()o) arising from iho 
vibrationf(*s 8 ground state and involving one gyrovibronie (juantum ( A’* (A' I) 
siiperpo 8 i‘d on one quantum of the anti-symmelne vibration vs' of ibe uppu* stale 
If this ifitorprotation is correct, the displacement of ;U 1175 from 110521) b\ 1 1 17 cm. 
can bo used to ostimato the value of 1 ^ 3 ' as 1447—1197 Io5o em TIuh mak('s 
possible tli<» interpretation of lUIlIS and 30(]()l displaced to tln^ red r 4 ‘.speoti\< 4 y by 
1557 and 2xfi57 from 1U975 as arising from vibrating ground staUi vibrating in IhV 
vj mode and having the same upper level as .*51975. 

A |x*ruaal at tlie table of selection rules given by Mulliken (1911) indicates that 
transitions to one and the same upper level are possibh' from both tlie 151)7 (vg) and 
1^23 (v^) levels of the lower state. As most of the bands in the above progressions 
an' found to arise from the .‘597 level, one can expect bands at higher absorption 
paths and temperatures, displaced from th(' above bands by 15215— .‘597 1120 cm. ' 

towards the longer wav^elengths. Such bands were m fact observi'd in tin* exjK'cled 
positions and with the expected lower intensity. Thesi' and otlu'r bands arising from 
the various viliratiomil levels of the ground electronic state will be d<‘ali w ith lati'r. 

The author desires to express his gratefulness to Prof. K. R. l5ao for his inien*st 
in the work, to Dr, D. S. Kothari for his encouragement and to the National Instituti' 
of Sciences of India for the award of an I.C.l. (India) Research Fellowship. 

SUMMAKY 

Tlio near ultraviolet alworption bands of CS 2 in the region to 2900A. have hnon photo- 

graphod under various eonditions pressiiro and path lengtli. Kxporuneutal f^videru'o has been 
prosf'nltid to indnate tliat there twf> bund syKteuis j)resenl, the more luteusi^ of uhieh is the 

short wavelength one m the region 33nOA.'*'2l)h(»A. I^oiig firogressious were nhservMid in tins 
region wfth iCii interval of b'lO W'hieh is interpretcHl as repri'serituig Ihe totally h> mmr*tri(*(il 

valene,« vibration of the upper Htai<s All the various possibilities hir llui gi^unetrienl 

configuration of the u])per state were considered and attempts wito rruuh^ to fit in ilm ohm*rv(sl 
rogularitn^s with the expect < kI band sp<X5trum apiiearanoes for the diffenmt upjs^r statics. Most 
probably the electronic transition is between the linear ground statu anil a slightly bent uppT 
state. On the basis of tbo snli'ction rules put forward by Mulliken (1941) for such a tranHitjon, 
the bonding vibration vj' and the anti-syrnmetncal vibration of the upper slate < ouki bo assign- 
ed the frt'queucios of 226 cm. -1 and 106f) era, -1 n^sjK'C’tively. 'Fhe aceideuf nl equably of 450 

and 2 ^ 2 ' = 452 has led to a c-onsiderablo displac<uiu)nt of the 2^2^ level due to a kiiul of Fermi 
resonanoo. A valu<iof 651[ cm.-l for tho Vi vibration of the lower state has been confirmed 
from tho ultrsOriolot absorption spectrum* 
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ANHARMONIC PULSATIONS OF A POLYTHOPIC MODEL OF 
^ INDEX UNITY. 

By L. 1). Chattkkji, Mathemaiics iJvparhnetit, Allahahati University. 

(Coramunicated by Prof. A, C. Banerji, F.N.I.) 

{Received May 31 ; read A nyu.\t 3, 1931.) 

According to Kosscland the theory of anharnioiiic piilaationH is a vital part of 
the pulsation theory in order to understand tlie form of the light and vi'locily curves, 
and it was due to him that the matliemaiieal theory for the motion f»l‘ an anhur- 
monically pulsating gas sphere has been developi'd to explain the skewness of the 
radial velocity curve, and increase in the jK^ritHl of oscillation. Takiiig the case a 
dingle excited mode fur the homogeneous model, and retaining only the lirst term 
in the dov(»lopmi‘nt for displacement, he was able, to show that the vc'locity curve 
acquired a skewness and the period huigthencd. But his results wert' only (jiialita. 

as it cannot account fur the observed skewness and the* inert^ase in tlu* period 
for comparatively small amplitude of pulsation of (\*pheiHs. He expected that 
better agreement could be achieved by retaining higlnr order terms. But Bhat- 
nagar and Kothari (1944), who have integrated tlu? equation of a singlci c^xcited 
mode for the homogeneous model for y 5/3, havx' shown that the theory of an- 
harmonic pulsations for tht' homogeneous model cannot account lor ihv observed 
skewness in the velocity-time curve of the Cephoid Variables’. Kecrntl}^ iSchwarx- 
sebiJd and Savedoff (1949) have giv'^cn the complete solution of tlu^ e(|ualionH for 
the fundamental and the first mod<‘ for the standard mod(iI (iK)lytropic index 
7i 3). Their results show tliat aiiharmonic pulsations yield practically the same 
period as harmonic pulsations do, though the skewness obtained is considerable yet 
it is smaller than that observed. Chandrika Prasad (1949) working on the same 
mrxlel by a different method has come to the same conclusion. 

In the present pa})cr anharmonic pulsations of a [>oJytropic mo(l(4 of index 
unity have l)eon studied. The results show' that the elfect of the first overtone 
gives a skewmess to the velocity-tim<‘ curve in the right dmajtion, but the* value 
obtained is smaller than that observed and the increase in the p(*riod of pulsation 
comes out to bo slight. 

The exact equation of motion for radial adiabatic pulsations of a non-rotating 
star, according to Rosselnnd (1949), is 

where P©, pp Tq refer to the equililirium values of preNsure, deimity and distance 
from the c^tre, y is the ratio of specific heats and r, is the relative displacement 
defined by r = Tq (1+r,). The dashes denote differentiation with respect to tq. 

TCvj^nHin g the equation (1) and multiplying with — throughout, this e<iuation, 

correct to quadratic terms, is 

rl ropoii- ^3- ^ Po»-i-(roP5-l-4Po)r'i-roPor3[J 
+l [{3y+l) ( 3 - ^or;rJ-(3y-l)Por*r;*+^ {{y+l)Po'->i“} 
{(6y-2)PorJrir;}J (2) 
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Thin in the name tquation aa have been obtained by Schwarzschtld and Savedoff| 
(1M9). 

Foilov^ing IbiHHeland’M HUggc8tion, the relative diHplacement may be written asf 

ri ss + * • • ( 3 ) 

whore 7^ and 7^ nro functions of the time which are to be determined, and iji and 

! )2 are cIiohcmj an the solutions for the fundamental mixie and first overtone derived 
dr small amplitudes which have been obtained in the tabular form in a pre- 
vious paper by the author ( 1951 ). As the functions lyj and normalised 

to unity at the surface of th<i star, the relative displacement will be (’?i)rfx+ (’12)^2 
vvh(jre {rfi)t and (i72)j are the values at the surface. 

Multiply equation ( 2 ) lirstly by and then by 7)2* integrate with respect 
to rQ from the <‘entr<5 t<i th(‘ boundary It of the star. l)ue to the orthogonality of 
thc 5 i]-functiona Jiiiear cn»ss-terinH drop out; tin* following equations are obtained 
after performing some fiartial integrations: 
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whore a. = f , /7o hoing the iwriod of the fundamental mode. 

''0 

On Huhstituting the value of r, from (3) on the right-hand side of equations 
(4) and (6) and arranging the terms in various products of the ^’s, we get 


(f*) 


rfr* 


x*“+?i = t : — 2 • • 


A’ 


d*- 7 o , Wg 
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[Bti\+2Cqiqi-\rDqX\^ 


( 6 ) 

( 7 ) 


here the independent variable / is replaced by 

2ir 
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where is the period of the fundamotital mode for eniali Hniplilude, the 
ooeftioieiits wj and cug are the eigen-vaiuea corrv'Kponding io ijj »ind ijg in the 
pulsation problem for small amplitudes ((!hat(erji, 1961). The remaining six 
numerical constants are defined by the following e<iuations : — 

r* 1 

Jo Jo 

( \ \ r* r* 

3_lj(3y+l) rf»-o+^{9y~:i) KW '''o 

' Jo J 

0 

- h- Ij (3y+l) ee'rlrilr,^ dro+J {:iy-l) ,lro 

f R 

0 Jo 

r' _ (3- {3y+l) ed'rlyf^ril dro+i (3y-l) dro 

^ ^ Jo Jo 

f i? 

dro+l (y+1) dr„ 

0 •'0 

»/? 

(3y+l) dro+i(9y-3) 

Jo Jo 

0 I 

where $ is the Emden variable for the polytrope n = 1 , and its values are taken 
from the Mathematical 'VahleK, Vol. 2, of the British Association for the Advance- 
ment of Science (1932). In equation (8) the integrals have been taken from the centn* 
to the Bur&ce of the star, and the dashes denote derivatives with respect to r^. 
These integr.rls have been evaluated for the polytropo n ~ \ taking y = 6/3. 

The values of the six constants are found to be as follows; 

Ni = 14*766669 AT* = 3-483863 

A = 11*392760 B = -0-863641 

G = 14-927878 D = -24*694280 

With these numerical values, equations (6) and (7)- become 

3*339917*- '60637?, ?8-f4-376279| .. (9) 

^-|-6*6671?8^= -1*07316?® 4-37-0986?, 72-30-66063?* .. (10) 


3 
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In onlor to .solve these equations, they are put in the form ' 

+ •• •• 

(^2) 

where /9.J = ♦; r>t)7I. .4, = 3 :)30{)1, /i, = -0-253l8r), Cj = 4-37027. 

= -it)73i.'», «., = isr,4!)2r., r.^= -SO-riOOf^,/ 

Solutions of thesi! c(|uation 8 are to he sought which are periodic with the same 
iwriod for t/i aiwl 7 *. Let 

7i — '^ 0+^*1 wr+Ug ‘-o-** 2 /It+«s ‘‘OH 3nT+ . . • . (13) 

7 « = < 08 HT+Ziji eoa 'Ztir+b^ cos 3«t+ • • • • 

where no- Oii - • • • . ^'o- cou.stants to l>c foiiiid out. 

'I’hese values or>/j and '/j are auhstituted in the eipmtions (11) and (12) and at' 
till' products of the eosirus are expressed as sums of th(> cosines. Idieri putting 
the oonstant term and the eoeflieients of cos i'rir for dilfereiit i, .separately equal to 
zero, the Following e«iuations are obtained : — 
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0 . 


(15) 


( 10 ) 


These intinite number of intinitc equations are solved by successive altpi-ozi- 
matiuns by a methwl as given by Chandrika Prasad (1949). The value of 
00 , bo, bi, Ofs, fig are obtained in terms of o^. 

A solution for the polytropti n ~ 1 of the equations (11) and (12) is found out 
by choosing Oj — 0-U6, so as to make the surface amplitude equal to 0'08, that is 
8 % of the stellar radius, which is of the order observed. The solution is found 
to be : — 


7 , » 0-(K)6148+0-08 cos nT-0'002076 cos 2nT+0-000052 cos 3«t, . . . . (17) 

gj = -0-000373 -0*0(H)398 cos nT-0-000803 cos 2«7+0-000298 cos Sax, . . (18) 

3» 
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l&l 


where- O DOfiHU. 

If { denotes the surface amplitude due to the fundamental mode and the first 
overtone, then 

Hero Chatterji (1951) = l-2185a2 and « -1-251 HOfi. 

Therefor^^ = 0-007959 +O-O7301O cos nT-0-00I525 cos 2«t-0-(KK)310 cos 3ht. (19) 



T 


Fig. 1, Displucomont curve for the polytrope n=j 1 . 

The Hhu|)c of the displact^moiit curv(5 from Huh equation Ih shown in the 

diagram. If K (skewness) is. the ratio of the time of decline from maximum 
to mifiirnura to the time of rise to maximum, then K for the above curve is M76. 
The increase in the perifxl is found to he slight, being only 1’74%. 

1 am indebted to Prof. A. C, Banerji for his keen iiitcircHt in this paper. 


Summary. 

The anharmonic pulsatioriB of a p<»lytropic model of indox unity are invontigated. It is 
found that the first overtone giv^es a skevTir'Hs to tlio radial velocity curve. The value cornea 
out to bf' small when oompan^d with the obaorved value, and the incroase in the [Kiriod la 
found to be alight. 
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A NOTK ON ENEIKJY I.EVELH OF HYDROGEN ATOM WITH FINITE 

SIZE NUCLEUS. 
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<SY, Ste pheti’-t ( 'olh ijc , Delhi. 


(Communicated by Dr. D. S. Kothari, P.N.I.) 


(Received Dec.ember 22, 1951 ; rcaul March 7, 1952.) 


Roao (19i> I ) and others have investigated tlie effect of the finite sixo of the nucleus 
in a number of problems. Tliey take a pcnelrablo model of the nucleus in whii h 
the wave fuuetious inside and »mtside (the nueleus) are made to j«)in analytically 
at the boundary. We on the other hand for our non-relativistic treatment of the 
tiydrogen atom take an impenetrable model for the nucleus and make the wave 
ainelion vanish at the boundary. For this the Sohroedinger wav'e function 
satisfies here the boundary conditions (i) (r)=(t at rsaoo, the radius of the nueleus, 

(ii) V (r) ->0 as r-*-co as compared to the conventional ease in which (i) r V (r) is 
finite at rssO, and (ii) 'P (')-><> ua r->oo. This problem is in a way complementary 
to that of Sommerfeld and Welker (I93H) in which they discuss the solution of 
Schrocdingor otiuation for a hydrogen atom enclosed in a sphere of finite radius R 
with the nucleus (proton) at the centre. The jiroblem of the bounded oscillator was 
considered by Auluck and Kothari {1945). As the energy levels are raised as an 
efl'oct of the linite size of the nucleus it is likely to have some ri'lovance in connec- 
tion with the theory of Lamb ami Ketherford (1947) shift. The shift which is 
largest for the s levels is in the case of 2s‘ of the order of 23 wave numbers for Oq of 
H “1* 

the order of -=77= = 2x10 cm. 

MG 

The S<throedinger equation for the hyrlrogen atom* is 

V* ¥'+(/;+ 7 )'P = 0 (1) 


The radial part of tf' satisfies the usual ecjiiation 

0 

(1 = 0 . 1 , 2 ....) 


The boundary conditions to be satisfied by R are: 
j) R(Z) -►0 as Z 00 

(ii) R(Zo) = 0 at Z = Z© (Zo > 0) where Zo *» 

The required solution is the confluent hypergeometriu function 

^? = fl^*,«+j(/)/Z 


^ 2 tm 

tiZ^^Z dZ'^ 




where 


Z = 


Jfc’ 


J-E 


( 3 ) 


( 4 ) 


' Here the unit of r ia the Bohr radius ajj 


and tho unit of onsrgy is 


Rydborg oonstaot 
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{K>int«'<l <mt by Eddington (1927) and .Sugiura (1927) and later developed 6y 
llartre.- (I92H) 

The \ anishing of H at infinity is evident from the a.symptoti<‘ form for 
(Whittaker and Watson, 1927) for large Z 


H' 




L ’ ■ «! J 


The boundary condition at Z — Zq re<juire.s 

M(^o) = d 

Till! exj)an«ion of for small Z (Hartree, 1928) is 






r-i^Z* 


r(-k-f)r(^Jc-h/+i)L;^„ 




ml 

m «»17f I * -i 

(ft) 

Ah will 1)0 rtooii laUM% the (‘fteot of the niiolear ni/.o on oneri^y levels gets v’^ery 
small for large* I, wi) shall therefore restriet ourselves here to the cases Z = 0 
(.s staU^s) hikI / I (p states) for wlu<‘h \v<* can write 


*(/) 


C(i ~k) L I - ”i- ' V^'^I Zfe"T “ 2 / 

. ■ - j] .. (7) 

= r(2::it) zL‘ — Ti — 27277 ^ 

{™^-(j+l+i)}z«+. . . + |iogz+2y+0(i-4))j^7±:|l^p^:^z3 


• 4 •> O l7»~ “ " “l 


4.3.2. 1* 

where y i« Enler’..! constant 0 577. 

First for the conventional ease, 

V' (r) is finite at r 3 = 0 ; 

we sliall show that k must be a positive integer. 

For A states : 

R ■■ ^n'», 


!] • 


( 8 ) 
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Now if the above expression is not to diverge at the eooflScients of | 

and log Z must vanish, i.e. 4 « 1. Similarly it is readily seen that k admits only the 
i^her values 2, 3, 4. . . . Taking now ir», |(j) it similarly follows that the possible 

vSij^ of k are 2, 3, 4 the lowest value being 2. 

/+»(■?) vanishes a.tZ ^ Z^ (Z 0 > 0 ), we have from the series cx^tansions 

(7) and (8) 


+ (logZo+2y+^(l-A)+^) |(_^)Zo+^fc^V+. IJ-O 


(for { « 0) 


and 


' 1 I ( ^)( ^ I 

- f—p /5o+ p-j Z*+ 


(!-*)( -jfcK-t-l) 


3 . 2.1 


Zn» 


( 


t-k 


■(i+i+1) 


h 


+ (log Zo+2y+^(l -*:))) {v+|-r^o*+. 

(for 1 01 1) 

Writing for convenience 2ao = o and noting that 


kZ^ s=» 2ao “ o ^ 

wo obtain v 

1 + L|i~g 4 . " ±1 . . . = (log o,+2y-log *:+|+0(1 -A:))|v+^^<7*+ . . 

(for i » 0) . . (9) 

and 


1+4: k-\-k^ j 

- r '+ ier " + ■■ 


(l-4:)(-I 

m ■ 


-^a8(log a/4:+2y+^(l -*)){ 1 +— 0 + 


4fc 


(for I = 1) 


•1 

( 10 ) 


Writing k— 1+/5 we have, as or<^l, the following approximate expressions 
[from equations (10) and (11)) for 

P ss a+o* (log er+y— I)+f>(o®) . . . . (9a) 

(I.y state) 


Similarly for the next level (k =* 2) we have, writing k = 2+/3, 
P = or4.a‘(log a-fy— log 2— i)+0(cr«) 

p = ^l^ofi+0{o*) 

and for the next (k «■ 3) writing k »» 3+^ 

P as e+o*(log a+y— log 3— i)+(?(<7*) 

P css ^ ifQ *+ 0 ( tr *) 


.. (96) 

(2s state) 

. . (106) 
(2/> state) ' 

.. (9c) 

(3s state) 

.. (10c) 

(3p state) 
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\um<Ti< al values for the shifts in the energy levels are given in the following 

pi 

idlile for (i) oq =m hjMC, (ii) oq = >8 m&se of the proton. 


Ttihlv for hvH-(thiftn in Rydhenj iinih. 


•vel 

A 

"<• “ Tv 

e* 

"0 “ i 


■ ■ " ' r* ' 1 

l-ft X 

1-2 X III-’' 


— 


u . 

2 X Ift-'* 

i r> X ift-8 


S X l0-‘8 

3 X io-2< 

.•p' 

ft X III-7 

4-4 X 1ft-* 


X ir>-i8 

1 

1 X lft-2« 


(It may l>c' rioted tliat the observed Dinih-Rethcrford shifts for the 2‘<—2p 
levels is 3 X K* ^ Rydberg units ) 

/riu- authors are thankful to Prof. D. S. Kothari for his kind interest in this work. 

Abstuact. 

Ill tliiM j>Apor tho rtolutioii of tho ScUrtHHiiugnr equation for a hydrogon atom with a fiiiito 
Hi/.t» iiiq»<»noir«blo luifdouH ih workod out. 
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STUDIES ON CYTOCiHKMISTKY OF HORMONE ACTION. 


HORMONAL MOOIKICATION OV \LKAL1NR PHOSPHATASK ACTiVlTY IN 
_ THE AJJD IN SOME MALE GENITAL AiTKSSOIUES OF TJIE GUlNEAriG. 

75// B. Kak, Ph.D-i Senio7^ Research FelIou\ A. /.A’./., aud Asok (iIIosh, 

M.Sc., Central Drags Laboratory, Gorcrninaii of India, Cahtdta, 

(Communicated by Dr. B. Mukorji. F.N.J.) 

(Received June 6; reeuJ October 5, 1951.) 

The Problem. 

Tile present paper emlHKlies the extent to wliich thv alkaline phospliatase 
Tiictivity in the testis and in some male genital accessoric^H of the guiiu^apig ean be 
influenced by various hormones. 

Review of the Literature. 

Rabat and Furth (1941) observed that only slight alkaline phosphatase activity 
is present in the sperniatogenic cells of the adult human testis but the basc^mont 
membrane of the tubules exhibits more prominent reactions for the eir/ymc, 
Roc(*ntly, Bern (1949) made a comparative study of tlie distribution of alkaline 
phosphatase in the male genital system of several Hpeci(^8 of mammals including 
the species under-report. In an earliei pajMT (Jomori (1941) reported the 
occurrence of this enzyme in the testis of the rabbit and the guineapig and the details 
of enzymatic distribution in the two species, as given by Bern (1949), agree with 
those presented by the former author. Bourne (1943) also ob.scTved the presence 
of alkaline phosphatase activity in the guineapjg’s testis. J.)cmpHey el al. (1949) 
noted that in the rat this enzyme is demonstrable both in the tubules and in the 
intertubular tissue. After hypophysectomy the phosphatase disapjKMirs from the 
testicular components but replacement .thera[)y with whole pituitary powder 
causes a return of the enzyme to its original distribution and intensity in all the 
elements. Wislocki (1949) reported the presence of alkaline phosphatase in tlie 
interstitial cells and in the tubular elements of the testis of two sixicieH of (h»cr, 
Odocmleus rirginianns borealis and ('ervits nip'pon. 

Rabat and Furth (1941) iibserved that alkaline phosphatase activity is entirely 
absent from*the epithelium of the adult human prostate and seminal vesicles. The 
endotheliuirf of the capillaries of the latter, how^evor, gives intense reactions for the 
enzyme whereas the mascular stroma of both the organs contains only a trace of 
the ^ahosphatase. "Gomori (1941) noted that marked enzyme activity is present in 
TRIe bladder epithelium of the rabbit and the guineapig. Bourne (1943) obtained 
negative Qomori reactions for alkaline phosphatase activity in the vas deferens 
and in the seminal vesicles of the guineapig. Zorzoli and Stowell (1947) noted the 
presence of strong alkaline phosphatase activity in the mascular stroma of the 
Hiladder of the rat, mouse, and the guineapig. They also remarked on the 
pronounced enzyme activity in the nuclei of the epithelium of guincapig's vas 
deferens and the subepithelial connective tissue of rat’s epididymis. Atkinson 
(1948) reported that marked phosphatase activity is present in the stromal elements 
of the seminal vesicle of the adult mouse. Oocasional traces of the enzyme are 
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film flemcjnHtrahlc* in the nuclei of the mucosal epithelium. Castration causes a 
dimitiutifui of phosphatase activ^ity which, however, is restored un replacement 
therapy with androgen. Houlairac and Thil3auli (1948) demonstrated that 
cn/ynm activity is visible in the vas deferens, seminal vesicles, prostate 
(’owfwr’s glands of the rat. Castration causes a suppression of phosphatac^ ^c^.vity 
which can be re established by androgen therapy. Desoxycorticosterone acetate 
is only partially effective in restoring the enzyme activity but estrogen effect 

irj this respect. I>emps^‘y al. (1949) observed pronounced phos(>hatase aefi^ itv 
in thf» stroma and in the capillaries immediate!}' underneath the epitheli^'^a of the 
rat’s seminal v'esiele. After hypophysectomy or gomulectomy, the enzyme activity 
<;on.siderat)ly declined or flisap{)eared. The restoration of the normal enzymatic 
complement is accomplishecl by the injeetion of pituitary powder or testosterone 
irdo tlie operated rats. Wisloeki (1949) noted the *)ccuTTenoe of alkaline 
phoMphata.s<‘ in tlu' seminal vesicles and in the ductus epididymidis of the two 
Hp<*eies of deer referred to in the previous paragraph. Bern (1949) studied the 
distribution of this cnzym(‘ in the male genital accessories of several species of 
mammals including the guineapig. 

In the U‘stis of juvenile sparrows the enzyme is present in the seminiferous- 
tiibuh's ami in the endothelium of the interstitial blood vessels (Kar, I951</J, 
I)t‘soxyo(>rticost(‘rone acetate treatment causes a |)ronouneed lo.s8 of pho.sphatase 
activity from practically all the testicular components. The distribution of the 
enzyme in the testis of the adult jugeon exhibits a pattern which is more or less 
similar to that in the sparrow (Kar, 1951i). However, in the pigeon tlie Leydig 
and lh(‘ fibroblast cells of the interstitium also show pronounced pliosphatase 
acitivity. Tr(‘atment with sexual hormones is associated with a marked inhibition 
of (mzymatic activities in the testicular coniponents. Th(Tf^ is, unfortunately, no 
report of the [)reHence of alkaline [diosphatase in the ductus deferens of birds. 

A careful iKTUsaJ of the works cite<l in the foregoing paragraphs makes it evident 
tliat considerable efforts have been made to study the distribution of alkaline 
|)hoHpljatase in the male genital system of diflerent species of animals, but attempts 
to modify its activities by hormonal treatments havT been rather meagre. We 
would like to emphasise in this connection that the component organs of the male 
gt'iiitalia are nicely suited for studies on hormone-enzyme relationships and 
extensive' rest'arches on this system are sure to adduce many valuable evielenees to 
tlu' current thesis that the hormonal actions arc mediated through the modifications 
of enzymatic aetivdties. 

Experimental, 

The details regarding the allotment of the animals for receiving treatments 
and the dosage used for different hormones have already been presente<l in a 
previous paper of this series (Kar and Ghosh, 1952). The male genital organs of 
normal and hormone-treatt'd guineapigs M'ere carefully dissected out ^on autopsy 
and were processed aceording to the technique of Gomori (1941) for the demonstra- 
tion of alkaline phosphatase. The tissue sections were incubated in the substrate 
mixture for three hours and were finally mounted without any counterstaining. 


Results. 

A. Testis. 

ContraUt: The basement membrane of the tubules stains positively Tor the 
phosphatase. The enzyme activity is present in all the tubular elements. 
But in the spermatogonia and in the spermatocytes the phosphatase activity 
is more intense in the nucleus than in the cj-toplasm. The Sertoli cells alone show 
uniform enzyme activity in the nucleus as w^ell as in f<he cytoplasm (PL VII, fig. 1). 
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Phosphatase is also present in the chromosomes of the dividing tubular elements. 
Among the intertubiilar elements the endothelium of the blocMl vessels and the 
of the lA\vdig cells show LntenHe phosphatase actinty. The cytoplasm 
t^ latter gives only a faint reaction for the cny.yme. 

S^y^t^sterone propionate treatment: There is a total loss of phosphatase activity 
fronrjto^tieally all the testicular components (PI. Vll, tig. 2). 

iJf^S^fi^ot^aHterone acetate treatment: A pronounced loss of phosphatase 
^a^jjTty is evment in the testis. However, small amounts of the enzyme are 
retamw^in the si)ermatogonia, the spermatocytes and in the endothelium of the 
intertubular blood vessels (PI. VII, iig, :i). 

^ ProgeMerofie treatment: An ov'erall reduction in phosphatase activity is 
evident in the organ. The basement membrane of the tubules stains faintly but 
the cellular elements show positive reactions for the enzyme. However, the 
reactions here are much less intense than in the tubular elements of the control 
animals (PI. \T1, Hg. t). In the interstitium the marked phosphatase activity is 
retained in the endothelium of the blood vessels but a definite loss is evident in the 
Leydig cells. 


Table I. 

The difitrihution of alkaline phonphatase in the male fftnital aecrsMrie^f of normal 
and hormonedreated guinmpigH. 



t 

d 

c 

Cj 

d . 
1-2 
•as 

DCA -treated. 

Progesterone 

treated. 

Estradiol 

treated. 

Stilbestrol 

treated. 

Gonadot rophic 
hormone 
treatedL 

TESTIS 








Hufloiuf'nt M(anl)rann 

•1 

- 

— 

+ (K) 

- 

4 (F) 

4(F) 

Soriiinift'roiiH opi( helium . . 

-1 -f 

— 

■f(K) 

4 

- 

f 

(-(F) 

Internf ilium 

f. -I- 

-- 

-1 (K) 


— 

4- 

f (F) 

SEMINA L VESU LE 






4 (F) 


Fpit helium 

+ -h 


4- 

4 

4 

4 4- 

FihrurnuHCuIar Htroma 


-- 



— 

4(F) 


PROSTATE 
Epithelium .. 

H (F) 




4- 4- 

► 

4 

+ (F) 

MaHoment membrane 

- 



— 



— . 

EPIDIDYMIS 








Epithelium . . 

f 

•f ■h'* 

4-4 » 

+ 4 » 

4- 4* " 

441. 

f 4 

Basement mQ^nbrano 

-f'f 

4- 

44 

4-4- 

4-4- 

4 

4 4 

VAS D^FRREHS 





4- "(F) 


4 HV) 

Epithelium . . 

■1 (F) 

-* 

4(F) 

4-{F) 

• 44 ^ 

Fibre -rauscular stroma . . 

— 

— 

— 

— 

4-4 

4 4 

— 










Legend:— = Positive reaction, 

4- -f sc Very strong positive reaction. 

— « Negative re€Uition. 

+ (F) « Fa&t reaction. 

n Only nuclear phosphatase activity. 


EMradiol dipropionafe. treatment: Typical castration effects are seen in the 
testis of the treated animals. Total loss of phosphatase activity is clearly visible 
in the testicular components*. • 
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/>itlhf/MiihpMrol trmimprit: The enzymatic responsefl to thia hormone 
trfritmtrnt Htrikirijjly reaemblc thoae elicited by the luteoid. The basement 
membrane of the tiibule.s ^iv'es only a faint reaction for the enzyme (Pi. VII, 
M<Ml»‘ratc nuchar phosphatase activity is retained in the tubular elern^.*!)^’ 
Similar reactions are also seen in the I..(‘ydig cells but the endotLelvif of 
the interstitial blood capillaries exhibits marked phosphat^e acthity. 

(^ntia^lnfrophin hormone irmlmeni'. Stimulation of st>me com^oj^e .^s of the 
testis is discenuble ujxrn histological examination. But a proi^unced lofii^s of 
enzymatic activity is visible in our preparations (PI. VII, fig. 6; also see T^hle 1). 

B. Seminal vesicle, 

Controls: Seminal vesicle has an external muscular layer of longitudinal 
fibres and an internal < ircular muscle layer. The mucosa is considerably pleate<l 
in appearance and its epith(*Iium is of the columnar type. The muscle layers are 
('Utirely negative for the phosphatase but spectacular enzyme activity is visible iii 
the mucosa (PI. V*III, fig. 7), Tlie r<*acttons are so intense that the contour of the 
e])ithelial cells i.s totally obscured by the granular deposits of colmlt sulfide. 

Tp'^to.Htrronr propionate treatment: The muscle layers stain negatively for the* 
enzyme. There is a definite reduction of phosphatase activity from the epithelial 
('clls of the mucosa. This enzymatic loss appears to be more pronounced in the 
cytoplasm than in the nucleus (PI. VIII, fig. 8). Marked phosphatase activity, 
howc'V’^er, is retained in the endothelium of the blood capillaries located in tlic' axial 
portiem of the muc^osal pleats. 

DesoxycortiroMteronf aretatf treatment: MuscU‘ layi‘r.s give negative reactions 
for the curzyme. There is only a slight loss of phosphatase activity from the 
inuc’osa. This is cn'idcut from the fact that the eellular contours are clearly 
distinguishable in our preparations (PI. VIII, tig. 9) and not obscured by cobalt 
sulfide (h posits as iu the control aniinals (Table I and text-fig. 1). 

!'to[fr<ter<me treatment: Muscle layers stain negatively for the phosphatase. 
Tlu‘ t'li/yinatic r(»sponses in the mucosa appear to be the .same as in the DCA- 
treated animals. 

K^trwUnl ilipropinnate tre/itmerU: No phosphatase acti\ity is visible in the 
mu.scle layers. There is a slight enzymatic loss from the mucosa and the reactions 
appear to be similar as in the DCA-treated animals. 

PiefhphtilhfMtrol treatment: The organ presents an infantile appearance, 
ddie longitudinal muscle layer is negative for the phosphatase but slight reactions 
are givtm by the nuclei ()f the circular muscle fibres. The sub-mucus region shows 
maximum phosphatase activity. ^Fhis is evident in the nucleus of the cells in this 
region as well as in th(* endothidium of the blood vessels (PI. ^'IIT, fig. 10). Marked 
enzyme activity is also seen in the connective tissue extending into the axial portion 
of th(' slightly pleattxl mucosal folds. The epithelial cells of the mucopa, however, 
give only a faint reaction in the nucleus. 

Cofuahtrophic hormone treatment : Muscle layers stain negatively for the 
phosphatase. In the mucosa the intensity of reaction is comparable to that in the 
controls. 

C. Prostate, 

Controls: No phosphatase activity is seen in either the basement membrane 
surrounding an alveolus or in the fibro-muscular septum separating two alveofi.' 
Only negligible amounts of the enzyme are present in the columnar epithefial cells 
of the mucosa (PI. VIII, fig. 11 ; Table I and text-fig. 1). 

Testosterone propionate treatment: Practically no enzyme actmty is seen in 
the prostatic components. 




12 





TKXT-Fia. I . Diagram to show changes in the distribution of alkaline jphospiyiiaiso in the male 
genital accessories of normal and hormimo-treat^Mi guineapigs. Heavy dark line indicates 
very pronounced pho8phat4iae activity in the mucosa^ double thin lines less intense aidivity, 
and single thin line mere positive reac^tion in the same component. HtippUnl areas 
indicate locations of stromal phosphatase ac^tivity. Closely stippled areas correspond to 
strong enzyme activity zones ana sparsely stippled areas indicate Irwafions where the 
reactions are much less intense. C, controls; A, testosterone propionate tnMited; D, 
desoxycorticosterone acetate treated; P, progesterone treated; E, estradiol dipropionaie 
treated; 8 , ^ethylstilbestfol treated; O, gonadotrophic hormone treated; and X, negative 
reaction. 
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l)e.mxymriirj(}Merone acetate trejitmeiU : Tlie enzymatic response to the corticoid 
tnjatment is entirely negativx*. 

PnxjeMerone treatment-. The phosphatase does not shove any response to^e " 
iuteoid treatment. 

Katradiol dipropionate treatment: The basement membrane and the' ater- 
alvxolar s(?ptum stain negatively for the enzyme. Positive reactions *or the 
phosphatases however, are given by the connectiv'e tissue extendin>f-i:-vO the axbl 
portion of the slightly pleat€<l mucosa (PI. VTII, fig. 12). Tlie epithelial cells^'T the 
mucosa also exhibit prominent phosphatase activity. 

iHethijUtilheMtrol treatment: Only moderate reactions for the phosphatascw 
are vnsible in the nucleus of the epithelial cells of the min*<>Ha (PI. IX. lig. Kl). In 
other com|>onents the enzyme activity is practically absent. 

(ionoftotrophic hormone treatment: Tlie nuclei <»f th(‘ inuco.sal epithelial C(»lls 
stain faintly. In other components the phosphatase activity is nil. 

D. Epididyml'^, 

ControU: The basement membrane of the tulx' stains intensely for the 
phosphatase (PI. TX, tig. 14). The nucleus of the epithelial eells shows marked * 
enzyme activity but responses are very slight in the eyto|ilasni. 

TeMoMerone propionate treatment : There is a reduction in pliosphatasc activity 
in the hasement membrane of the tube but the reactions in the (epithelial eells are 
xtum-t or less similar to that in the controls (PI. IX. lig. 15). 

DcMorycorticoxf prone acetate treatment: The hasement membrarue of th(‘ tula* 
and the nu(!h»us of the epithelial cavils stain intensely as in th(‘ lamtrol animals but 
then^ is a totid loss of phosphatase activity from the (tytoplasm of the latter 
elements. 

ProfjeMefone treatment: The reactions are more or less similar to those 
(jhserved in th(‘ DCA-treated animals, 

KMradiol dipropionate treatment: The resp^mses appear to be the same as in 
the ('ontrol animals, 

IHethylailbeMrol treatment: There is a definite loss of phosphatase activity 
from the baseincmt membrane of the tube as well as from tl»e eytoj)Iasm of the 
epithelial cells but tin* nuclear enzyme acti\’ity is retained to the control lcv(*l 
(PI. IX, tig. lb; Table I and t/cxt-fig. 1). 

(fonadotrophic hormone treatment: The enzymatic responses are more or less 
similar to that in the control animals. 

E. Vos deferens, 

(^ontroh: The muscle layers are negative for the phosphatase. The endothe- 
lium of the bloo<l vessels in the sub-mucosal ^e^gio^ and the mucosal epithelial cells 
show only a faint reaction for the enzyme (PI, YX, Hg. 17). 

Testosterone jmypionate treatment : The components of the vas deferens are 
entirely negative for the phosphatase. 

Desoxycorticosterone. acetate treatment: The reactions are more or less same a& 
in the control animals. 

Progesterone treatment: The phosphatase responses are comparable to those 
encountered in the vas deferens of the control animals. 

Estroiiiol dipropUmate treatment: The muscle layers give faint positive 
reactions for the phosphatase but the sub-mucosal connective tissues a‘ad tne 
endothelium of the blood vessels in this region show intense enzyme activity (PI. IX, 
fig. 18; Table I and text-fig. 1). Only negligible quantities of the phosphatase are 
present in the nucleus of the epithelial cells of the mucosa but the c;^oplasm is 
practically negative for the enzyme. 
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. IHethijUtUbeMrol treatment : The nucleus of the epithelial cells shows intense 
phosphatase activity but in other components the reactions are more or less similar 
."W inithe estradiol dipropionate-treated animals. 

tsonad^rophic hnnnom treatment: The epithelial colls alone show very faint 
reacti'.ms for the onzyroe but the other compouehts are entirely l)e^ative for the 
. phospha^e^ge. 

Discussion. 

Our results on the flistribution of alkaline pho-sphatase in the testis ami the 
ueuital aeeessorics of the guineapig are found to differ in several res|>f>ets from those 
reported by the previous authors. Thus, Ih*rn (lff40) ami (lomori (1041) obtained 
negative reactions for the enzyme in the inU'rstitial stroma of the testis. We, how- 
ever, observed phosphatase activity in tlie niieleiis of the Ix'ydig cells and in the 
endothelium of the interstitial capillarie.s. According to Bourne (1043) the seminal 
vesicles are totally dev'oid of enzyme activity. Bern also note<i very faint reactions 
only in the Hbro-miwcular wall of the organ. In contrast, we obsi’rvod intense 
phosphatase activity in the Hbro-muscular wall of the seminal vesicles t»f this 
sjH'cies. The last-named author also re})orted th(f epididymal e])ithelium to be 
negative for the (‘nzyme but wo have unmistakable evidence of strong nuclear 
phosphatase activity in the epithelium of the same organ. Our iiiidings on the 
distribution of the enzyme in the vas deferens are practically in agreement with 
those of B<>m and .Bounie but differ marke<Uy from those of Zorzoli and Stowell 
(1947) who demonstrated proiumnced phosphatase activity in the nuclei of the 
mucosal epithelium. It appears probable that these differences in the location 
and distribution of the enzyme are due to the diflfcront pciriods of incubation 
employed by the v'arious authors. It is, however, interesting to note in this 
connection that the picture of phosphatase distribution seen in the guineapig’s testis 
is comparable in every way with that in the adult pigeon (Kar, 1951ft). 

The hormonal treatments caused considerable loss of testicular phosphatase 
activity in the guineapig, but among the different hormones used in this 
study the effects of progesterone and fliethylstilbcstrol were loss severe in this 
resiiect than the rest, since appreciable, amounts of the enzyme were clearly discern- 
ible in some components of ^»e testis. The other hormones in our list inhibited 
phosphatase activity to such an extent that practically no trace of the enzyme was 
visible in our preparations. It has recently been reported that DCA inactivates 
phosphatase activity in the testis of sparrows (Kar, 1951a) and likewise responses 
are also elicited in the pigeon’s testis by the gonadal hormones (Kar, 1951ft). If wo 
reckon these findings against those made in this study, we find that the action of 
these hormones in the two species of vertebrates studied by us are strikingly similar. 

The enzymatic response in the genital accessories of the guineapig to steroid 
hormones brings to light some interesting facts. Thus, testosterone propionate 
caused a r^uction in phosphatase actmty in all the accessory organs but DCA 
exerted no influence whatsoever on epididymis and vos deferens, although the 
enzyme activity in the seminal vesicles and the prostate was inhibited to a marked 
extent. Ptogesterone resembled the cortiooid in modifying the phosphatase 
•Jctivity in all the organs but estradiol dipropionate augmented enzyme activity in 
the prostate and in the vas deferens. However, the ovarian hormone considerably 
depressed phosphatase activity in the seminal vesicles and did not alter the 
enzymatic picture of the epididymis. The action of diethylstilbestrol was 
practically in line with that of the other estrogen, whereas gonadotrophic hormone 
jLihrad itom the steroid hormcmes in that it failed to evoke any enzymatic response 
in the accessory genitalia of our material. 

It will be evident from the above that of all the hormones used in this study 
the androgen alone had uniform effects on phosphatase activity of the genital 
accessories. Now, viewing the situation from a slightly different angle we find 
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thal Mx- of I)(?A uikI j>roj{<»f4ti?rone on enzyme activity in the accciiaories 

v\<‘n remarkably alike uiul the same \%h» uIho the cas4' with the estrogenn. On two^ 

uleiitical mtliieijreM on the ndn iio«(!<irtical phoaphatam* activit ies in the^ guinc^ipig 
and the pigeon (Kar an<l (ihosh, 1952 ; Kar, 195l<i). We hud further noti^^ that 
cKtradK.l dipropionali* and dif^thylstilbestrol i‘on8iHtently iimctivatej^^lkaline. 
})hosph.ilaMe in the guineupig’s a^irenal cortex (Kar and (di*)sh, liJSJijrIt i.s ijp\v 
well krKiwn tlmt th«' chemical structure of the oortieoirl and the luteoid a|;i^«fp'eat 
deal alike (Burrows, 1949). The two hormones also have some similarities in their 
fihysiologieal effects ('I'urner, 194H}. (>n the other hand, the estrogens uml by ys 

liav^#* hiSHcr ehc^rnieal affinities hut fnore of physiological likeness (Grollman, 1942). 
Our studies, thereft'Tt*, clearly indicate that theses hormones with close chemical 
or fihysiological Himilarities (or both) arc also cytochemicaliy alike. 

SlTMMARY. 

Tho ryO»rhMni* nl ilernonitrtttkjn of filkalinc phoftphataHo lutivity haw been made in the 
main <if the Koinc^apig. Storoul horrm>ne« like l<^toRter(*nt‘ propionate, DCA, 

t’MlifulioI dipiopionate an<l ike non Hh'roiri gonadotrophk* hormone consklorably inhibited 
ti'rttirular phoMphata^e to tuity, hut th*‘ offiM ts of progenterone and (Jiethylstilf)e8troI were less 
Ht I iking in ihM rospert. ''I’he j>)»(KHphfiteHe in the aecoRsoiy^ genital organa refip<»nded uniformly 
to nntlrog<'-ii hut tho eff<w Ir «il ot}>nr wti rtiiil horinon«?H were Noinowhat \aiiahh^ The gonado* 
trtJphk' honnonn, however, faiUsi to evoke any enzynmlie reHjKmHo in tht* aeroMHory genitalia. 
The lernarknhle rytoehoiiueal likeneah IsHween some hormones is pointed out. 
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Explanation of Pi.atk Vll. 

♦ *^(Ali Jiyurtit are jihotomicroffraph/i ami are rntt^gaijic^l x I9>.) 

• 

1. Sovtion through the toMtia of a control guincapig K]ioN\iug alkalim^ phoKphiitaHO a< <ivily. 

2. Sort ion through the tt^stin of an andi-ogcn-tivutcil guinea pig. Nolo the itiKajipoujaiK'O of 

tlio omtymo. 

2. Soution tJirough tho toatis of DCA-trt'at<*d guinoiipig, Tho Iokb ol pho.spIiiitaM« iu*tivily 
ia comjjarativcly h'8s tlian in fig. 2. 

4, Soclion througli tho tostia of a progoatiMxaio-ln'atod guini'fipig. (’oiiiparo with iign. 2 and 

3. 

o. Sot4ion Uirough tho tostis of a diotliylatiltx'Ktnd-trnitod guinoapig. Nolntln* eontinuation 
of onzyino activity in somo tubular coinpoiit'nla. 
li. StM'tion through tho toatia of a gonadotrophic honuono lit^iilod guinoapig. Note tho 
absences of phoaphaiaao activity. 

Explanation ok Platk VJJI. 

{All JigiireA arc photomicrograph^t and are magnijicd x .‘i<h) 

7. Soction D^rough tho aominal vcaiclo of a (onirol guinca]>ig. Note ])i'oiiotini’cd phosphataHo 

activity in tho mtaHmal ploata. 

8. SfH*t.i<»n through tho Honiinai v'cHicio of an and rogm-l routed guim apig. Note the rcdu< lic*n 

of onzymo a< tivit^‘ from tho mucotiH. 

9. Section through the aominal vcwiclo of n Dt.'A t roalod guinoapig. 

Itt, Section tlirough tlie Koiuinal voniclo of a di<»thyJatilh«'htrol treated guineapig. Note lji»i 
proHtmeo of phoaphutOHo activity in tho fibro ruuKetilar atnuna and m the Huh-ej)ithojia} 
region. 

11. Section through tho proKtulo of a control gutriea[)ig. The phohphatat;(o ac'livity ik 

negligible. 

12. Section tlirough the prontate of an c’htradiol dijaopienute-ln ated guirieaj^ig. Note Ui« 

presonco of the enzyme in the niucuHa. 

Explanation of Platk IX. 

(All Jtgtireft are plu>tomicroyraph^ and are magnijied x .'9h) 

Kh vSeciion through the proatate of a dic'diylBtilbi^Htrobtreatc <i guineapig. 

14. Section through the epididy'inis of a control guineapig. Noic» the inarkc^d pliohpliatHbe 

ac:tivity in tho baHeinont mombrcine of the tube. 

15. Section througli tho epididymw of an androgen 4 n^atc.d guinc^apig. Notc» thc^ 1 c>hh of 

p]ic:>sphatB8e activity. 

16. Sec tion tlirough tho opididymia of diethyIatilbc‘Hlrubtroateci guinc^upig. 

17. iSecdion through tho voa doforena of a control guinoapig. 

18. Section tJ;irough tho va« deforena of an estradiol treated guinea]jig. Note thcj presemeo of 

pronounced enzyme activity in the sub>opithelial stroma. 
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I — Introdttction. 

It waH shown some years ago (Rooinval, O.'iS, 1940) that locusts and other 
short-homed grasshoppers (Orthopt-era: family A(Tidi(lae) undergo in or about tho 
third instar a series of extraordinary changes in respect of morphological, 
hehaviouristic and physiological conditions, often resulting in a i)eculiar ‘ directional 
reversal As these changes arc centred around the third instar hopptjr in the 
5-moult species, the exceptional importance of that instar in tho life-history of 
these grasshoppers was emphasised. The number of motilts (excluding the ‘inter- 
mediate moult ’) and the normal number of nymphal instars in the Acrididae varies 
from 4 to 7 depending upon tho species (see Roonw'al, 1946), but 6 is the 
most common number. 

In the present paper I have discussed the now material assembled during the 
last 10 yearm which has a bearing on the subject of directional reversal and the 
importance of the third or middle instar. In particular, I have discussed the data 
of Webley (19R1) on the blood-cell counts, and of myfielf (Roonwal, 1946, 1947) on 
eye-stripes and extra-moulting in relation to the reversal of the elytron-wing 
complex. Some new data on the number of antennal segments are also discussed. 

As a result of this new information, the importance oif the third instar has been 
confirmed. As Webley (1961, p. 36) recently stated in discussing his work on 
blood-cell counts : 

‘Roonwal (1940) has shown the importance of the third instar in the Acrididae. 

10 Iblood-cell counts of the present work give a further physiological indication 
of its importance.* 

While it is now olear that great metabolic changes are taking place in the third 
instar, we are still far from understanding their biological significance, especially 
in regard to the directional changes. 


vo..^ xvm— Xo. 3. 
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and to extra -moult injiC on the other. For the sake of aimplicity, the el>^ron- and wing-rudiments are shown only in the stages when 
the upturning of the ^l^'tron-w'ing complex occurs. In the i^arlier stages the eltyron- and wing -rudiments (whicli first make their 
appearance in the second stage) point downwards, and in the later .stagc<» itTAOTr.-lB 
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Ruh 2. — If in a species the total number of norma] stages (including the adult, 
but excluding the vermiform larva) is then the ehromdogioni stage in which the 
’directional reversal of the elytron-wing complex usually occurs is <— 2; and, in 
accordance with Rule 1, the stage which usually represents the extra-instars (in 
individualli in which only one such instar occurs) is [(<— 2)~1]. 

Data available later have supported these rules. Thus, in the Moroccan 
Ixjcust, Dociostaurva maroccavua (Thunb.), .lannone (10:10) has reported 5 moults, 
And,the reversal ar upturning of the i‘l vtron-wing c(»inplex occurs at the third moult, 
i.c., when hoppers moult from the thinl into the fourth stage, as in Srhiator^rca 
(fregaria. Again, in Hieroglyphua nigrorepletua (Bol.) recently 8tudie<l by me 
(Roonwal, 1962, in pren), the number of moults is 6, and the directional reversal 
of the elytron-wing complex occurs in the fifth stage. 

A generalised diagram illustrating Rule 2 is given in Text-tig. 1. The bearing 
of these rules on the importance of the third instar is discussed below (ridf Discus- 
sion and Conclusions). 

The limited correlation which exists between extrn-moulting and the number 
of eye-stripes added during post-embryonic <levelopmcnt has been discussed below. 
Here it needs only to be emphasised that the thinl instar is exceptional both in 
normal and extra-moulting forms in the 6-moult hikhuch. The same is true, to a 
certain extent, with regard to the antennal segments [ridf below). 

:i. Eya-atripaa, doraal aj>ol of eya mid. mite.nnal aagmaida, 

(i) Kya.-atripaa. 

It is now well known that the Desert Locust, Schiatocerca gra.garia (ForskftI), 
posse-sses brow'nish, vertical eye-stripes which in the gregarta phase individuals are 
jiartly obscured owing to the hoa\'y develojjment of dark pigment in the inter-stripe 
region. Roonwal (1936) has shown that the aolUmut phase individuals are of two 
types, viz., 6- and 7-eye-8tripod. A study of the post-embryonic development of 
the eye-stripes has shown (Roonwal, 1937. 1947) thj* existence of features which 
are of interest for our present discussion. Basically, the development runs along 
the following pattern; — ^There is no strijui in the freshly emerged first instar hopper, 
but one develops later in thdt instar. With every subswiuent moult a striiie is 
added so that there are 2 stripes in the second, 3 in the third, 4 in the fourth, 6 in 
the fifth, and 6 in the sixth (or adult) stages. This pattern occurs in the 6-eye- 
striped individuals which undergo the normal number of 6 moults. In the 7-eye- 
striped individuals, the one-rooult-one-stripe relationship holds good in most stages, 
but the extra seventh strixie is produced in two w^ays (Roonwal, 1937, 1947): (i) by 
the addition of two stripes at the second moult (t.c., the third stage hopiMsr has 
four stripes instead of the normal three); and (ii) by the interposition of an extra- 
moult in the third stage (and rarely in the fourth) during which a new eye-stripe is 
added (stride-positive extra-moult). But extra-moulting does not necessarily 
lead to the addition of a stripe; stripe-neutral extra-moults occasionally take place. 

The third instar is exceptional in two respects, viz., (i) that in about one-half 
to three-quarters of the 7-eye-8triped individuals, the extra or seventh stripe (as 
compared to C-striped individuals) is produced by the addition of a stripe-positive 
extra-moult usually in the third stage; (ii) in the remainder of the 7-8tripeil 
individuals, the third stage hopper possesses four, instead of the usual three eye- 
stripes, the extra stripe being added without the intervention of an extra-moult. 

(ji) Dofsrfl apal of eye. 

At the dOTsal end of the compound eyes in the Desert Ijooiist, Rchiatoeerea 
gregarta (Forsk&l), and several other (probably all) Acrididac, there lies, nearer 
the posterior than the anterior, side, a small dark chooolate-ooloured area shaped 
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MouurwJiat like the heiul of a hammer, with the base pointing towards the anterior 
.side and the narrower end towards the posterior (Rooiiwal, 1047, pp. 248-249, 
Fii<s. 1 and 2). d’his ha.s been termed the dorsal spot by Roonwal (1936).. Its 
fH^sta rnbr^Yonie <h.*vx*l(>prntmt has been studied by Roonwal (1947, p. 256). In the 
iVeshlv balrh(Ml lirst stage hopper the base of this sub-triangular hammer-shaped 
<lorNHi ^pof points po.sitTiorly, a condition which is maintained in the second and 
third sr;ig4 H. VVlien the hoj)jKT moults from the third into the fourth stage, there 
i-i a flirrrtutnal rn'rrml id’ the base vvliii'h now ]K>ints antero-dorsally. The ne\i 
orientation is maintuirusl in the liftli stage and the adult. 

'rhis ilirectioiiul ri v'i-r.sal of the dorsal sjiot of the eye is comparable to the 
^jinilar reveisal of thi* elylnm-w ing complex oieurring in tlie same stage, and 
♦•mpliMsises the importance (d’the thir<l instar. 


(iii) Antt nunl 

It IS well known tliat tin* number of antennal rtf*gments in the Aerididae increases 
during [>ost 4‘nil>ryoni(‘ dt vtdopnu'ni from aland K 14 in the first stage hopper to 
about :{0 in t In* adult. 

In Sr/usf<><^rrra gn^piria (Riui. 193S; Mukerji and Hatra, 1938) there are 13 
antennal segments in the tirsi stage hopj^r, 19 in the si cond stage, 2 (l 21 in the 
third, 22-23 in the fourth, 2l-2o in the fifth, and finally 26-27 in the sixth or adult 
sfai^e v\ith t» ey^ -sfripes. In the 7-eyestri|KHl iulults the number is 27-29, in the 
S st.ri|H*d adults 30, and in file r>-sirii>ed adults 25, the increase or decrease in the 
nunda r being explicfiblr to a <*<‘rtain extent bj' extra-moulting and under-moulting 
res[M*rl ietdy. It will be noticrd, as has already been pointed out by me (Roonwal, 
1947, p. 255, foot-note), that, as in the case of the eye-strij>es, the second moult 
and tiu* resulting third stage hen* also are exceptional. Two kinds fd individuals 
an* proflue-ed in the third stagi*: one with 2tt and another with 21 antennal segments. 
This eondition applie*s alike to the 6- and 7-eye-striped indhuduals, although 
ultimately tin* 7-f’Ve striped adults poss(»ss more antennal segments than 6-8tri|Jed 
ours, this t‘XoevSH n siilting from additions made later as a result of an extra-moult. 

In tl irriKjhjpfnis nigrorf phitts Rol. (Roonwal, 1962, in press) the increase in 
Un* numlx r of antennal segments in the various stages occurs as follows: — I, 13; 
ir. II; m. IS 20 (rarely 16 20); IV, 21-23 (mostly 21, ami rarely 16); V, 23-25 
(mostly 23, rarely 2o); VI, 26-27 (rarely 14-29); and V’ll (adult), 27-28 (rarely 
2o 29) Here again, as in Schisioct^rra (jrrgaria, the first inira-instar difference 
apptuirs in the third instar. Another feature noticed is the occurrence of bilateral 
asymmetry in the rigid an<l left antennae of the same individual, the difference 
in the number of antennal segments being as high as 14 in some eases. It is 
interesting that the bilateral Uvsymmetry also is first evident in the third stage and 
e(n\tinues thereafter. 

It should, however, be pointed out that not in all the Aerididae is the intra- 
instar diffenuuu* tirst (lisc(*rnible in the third instar, for, according to iTvarov (1928, 
p. 45. Table), this <liffer<u)ce may arise even in the second instar and rarely in the 
first (m'e discussion in Roonwal, 1962), 

III — Discussion and Conclusions. 

Tt will be seen from the data on extra-moulting and the directional reversal 
of the elytron-wing complex (E-W complex, for brevity) that, so far as the 6- 
moult individuals of all the species thus far studied are concerned,- the extra- 
rnoulting occurs in the stage immediately following the normal third. As the * 
majority of the Aerididae so far studied are of the 6-moult kind, we may state that 
in these forms the extra-moulting and the directional reversal of the E-W complex 
occurs in the middle hopper instar, a description, however, which does not apply 
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tiO the remaiiiing Acrididae. It will be seen from my Rule 2 disouased above and 
Text-fig. I that the numerical factor of two instara always following the instar in 
* which the directional reversal of the E-W complex occurs would appear to 
represent the position more generally. Both the prtwnt writer (Boonwal, 1038, 
1940, 1946, 1947, and the present pajH*r) and Webley (1951) have discussed the 
importance of the third instar, and this is (piite clear in the 5-moult species. In 
the other species, how'ever. Rules 1 and 2, winch w'ere formulated to gimcralise the 
position regarding extra-nioidt ing and the din'ction reversal of the E-W complex, 
represent the true position. No comparative data are yet available to enable us 
1.0 decide w'hether these two rules alsi* apply to other nmtaholio activities, r.g., 
variation in blood-cell coiinls, respiratory rates, et(!. ; data regarding these activities 
are hitherto available for the 5-moult si>ecicH only. 

Wc may now conchnlc, on the evidence discussed above, that at any rate in 
the, 5-moulting sj)ecies of Acrididae — which is by far the most common condition — 
the third instar is of exceptional importance from the point of view of metabolic 
activity, as some striking changes occur cither during that instar or in the immedi- 
ately preceding or immediately following j)eri(Mls. In many of these changes a 
directional reversal occurs either in u morjihological structure or a physiological 
process or a behaviourist ie pattern. The hitherto known processes of this kiml 
are listed laiow tinder three categories. (For fulliT details of these examples, see 
Roonw'al, 194(», and the preceding pages of the present account, Exet*pt where 
otherwise staled, the data ajiply, as a rule, to the fi-moult sjH'cies.) 


Lif<f of the hitherto k»om\ chavgcM. 

(a) Af orjihological rhnmjeK, 

1. The upturning of the elytron- and wing-rudiments (which has been termed 
as the directional rev’^ersal of the elytron-wing complex) occurs immediately after 
the third stage (i.e., at the third moult). This applies to the 5-moult species only; 
in the rarer fi- and 7-nioult species, tin; chronological ])osition of this reversal is 
gov'crned by Rule 2 of Roonvj’al (194(1), already discussed above. 

2. The grow'th coeflicieiits in the 5-moult sy)ocl<>s increase towards the third 
stage when they are highest, and thereafter decline. In the 4-moult species also 
this rcv'i'rsal occurs in the third stage, but in the opposite direction. 

ti. The number of eye-stripes added is normally one in each stage, but /»eo 
are aildcd in the third stage in some forms. 

4. The dorsal spot of the eyes undergoes directional reversal in its disposition 
immediately after the third stage, a feature which is closely comparable to the 
directional reversal of the elytron-wing complex. 

5. The number of antennal segments increases from 8-1 3 in the first stage to 
25-30 in the adult. In the first two hopper stages there is usually a constant 
numlier for«all the individuals of a species, and intra-instar difference in numbers 
first arises in the third stage although sometimes also in the second and even in the 
first. 


(ft) Behaviovrvttie changes. 

6. In the reaction to humidity, as regards locomotory activities, hoppers of 
the thirjl and following stages behave differently from those of the first and second 
stages. 

7. The ‘activity figure’ of the hoppers shows a directional revwsal. It falls 
up to the third stage, but rises again in the fourth, the rise lieing maintained in the 
fifth. 
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(c) Phynoloijirnl rhan^j^s. 

H. Th^ mspiratory rnrtal>oli»m decreases up to the thini instar, and increases 
froni the fourth instar onwards. 

fji the i)-moult spt-cies, an extra-moult occurs mostly in the tliird stage 
and <udy rarely in the second and fourth. In the rarer 6-moult species, Rule 2 of 
fio<inwaI (Mttd), as alrea<ly discuHseil above, holds gfK)d. 

10, lit the r)-moult species, the relative increase in the number of blorxl-c-ello 
(as wf*ll as their absolute numbers in one case) f)er unit volume of blood in the 
liup|K‘r stages is the greatest in the third stage, and decIineH thereafter. 


IV— Summary. 

\ Sinen thn t of (lin ctKuuil rovci-sal of certain nu>rf)hoU»gifal, b<'havioiiri«l ii* ami 

pnwortMOH in t\w ami ttio imporfanco of tho third instar was first oj>om'ci 

hy the writ or (Ftoonwal, lOiO), many now facts which have a hcarinj^ on the Hul)je<’t liave 

hi'on 7‘hoMO now fa<*t-< i»ic <lisc»iHH<*<| hon*. 

2, In tnufmtorvt n\i<ir(t1*>rioithji there is, in the thini instar liopjK'r, a prreat incrc'ase, 

both lejatlv'oly arwl in ahwilnto nutnlu rs, in the number of l>lood*ceIl« j>er unit voiunu> (Wohley, 
1051). A similar iiuTeHso in relative numbera aljwi oi'eurs in ScJii^ocerm tjregaria (Mathur and 
1057), 

5, In the 5 moult specicH, f^xtra- moulting oc»‘iirn aa a rule in the third stage (Roonwal, 
lots, 1947) The 4hninological relationship in the rarer S* and 7*moult sjiooiefl is somewhat 
iliflorent and Hules I and 2 of Roonwal (I94tt) an^ ol>eyed. 

4. In Srhi/ttoct»rca ffregnria the third instar is exceptional in the addition of two oyo-sf rijK^K, 
instt^iul of th»' n«irmnl one, in some of t>i#» 7 f'ye*HtrijM'<l forms. In that same sp<>cies, the dircc- 
ti««nal reversal of the donttil sjsU of the eyes oceurs iminetliatoly after the third stage. 

5, In the im rease in the number of antennal segments during |s>Ht-einbry(»nic growth, 
the thiol instar is except i<*nal in the fa<*t that the intnidnstar difft'rences as well os bilateral 
asymmetry are first evident most c<»mmonly in the third instar. 

ti. The <o(Telation between <*xtra'moulting and the upturning of the (dytron-w'ing complex 
is disciiMMe<l. 

7. A list is given of tlu^ hithert<» kmuMi instanees of directional roveraul and thi^ importance 
t>f the thini instar. 
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1 — fNTRODlUTION. 

Data on variatioii and ])OHt-embryoiiu? growth in tin? number of antennal 
segments in the family Aerididae (loeusts Jtnd short -horned grasHho])jK»r8) are 
scatter(‘d in literature^. Hie earlier data wen^ suminariHed l)y Uvarovr (1928), Imt 
a considerable amount of new and more detailed information has accumulatc^d 
suljHecjuently. • 

Hero 1 liave presented first, the new data on variation and post-embryonio 
growth in the numlier of antennal segments in tin* phudkd gi-asshoppcT, lliertxjlyphus 
ufyrotrphiif.s Bolivar, whose egg-pods were obtained by inc^ in .lune 1950 from the 
Ajmer State in Rajasthan, and subsctiuently reared in the Insectary at the Forest 
Research fn.stitut/<». A largo number (»f adults and hoppers of all stages were 
examined. Secondly, I have? critically dis<JUHHed the availabh'. data on the Desert 
Ivocust, SchiMoceren grr/jarm (Forsk&I), and added some now data on that spc^cics. 
Finally, the available information on the family Aerididae as a whole is Hummarised 
and discussed, and some gerieral tnntative conclusions arrived at. There is nee^l 
h>r more detailed data on this subject, and it is hoped tliat this may be forthtJoming 
in the futuf(\ A general discussion on the growth of the antennal segments in 
various orders of insects will be found in Imms (1940). 

Acknowledgment is made of the assistance received from Mr. Balwant Bingh, 
Research Assistant (I) in the Forest Entomology Branch, in counting the number 
of antennal segments of Hieroglyphufi vigrorepletvfi. 

II — Antbnnab of Hieroglyphns nigrore/pletuff Bolivar. 

(Text-fig. 1 and Tables 1-3.) 

(i) Po^t^p.inhryonic growth, 

A careful count of the number of antennal segments was made in all the 6 
hopper stages and in the’‘fawn type' and 'green type' braohypterous (short-winged) 


VOL. xvni— No. 3. 



218 M. U nOONWAt: ANTKNNAL SEGMENTS IS THE GKASSHOFPKR 

HflultH of nifrofjltjphiiM nujrorepletus Bol., a maximum of 13 individuals being 
examin«i<l for oarli Htago * In addition, one example of the rare macropterous 
(long vi ingt^d) a<luH was also examined. The number in the right and left antennae 
wart cotifiied rtejmrately, but no signilicant differences were found, though the 
riunibtT frequently v^aries in the Ham€‘ individual. 1’he sexes were analysed 
Heparat<?Jy, but no constant sexual differences were noticeable. The numl)er of 
anb’iinal m^gments (Table 1) increases from 13 in the first stage Hopper to a 
maximum of 29 in the sf^venth or ivdult stage, the numl)er present in each stage 
showing u certain amount of variation as discussed l>eiow. 

In the lirst and rtec«)nd stages the number is 13 and 14 respectively, thougli in 
some individuals of the latter stage the 7th, 8th and 9th segments show' some signs 






Textfio. 1. 

Hitt'oglyphu.^ ni^rorej}Uaus n<>livar. Antennae of various instars. (a) First instar, loft 
antenna of </, with 13 segments. (6) Se<xind instar, right antenna of <r, with 14 segments, 
(r) Third instar, left antenna of Sf , with 18 segments, (d) Fourth instar, right antenna of cT » 
w'ith 21 HogmentH. (c) Fifth instar, right antenna of willi 24 segments. (/) Sixth instar, 
loft antenna of ^ , with 2C 8t>gment8. Seventh instar (adult), right antenna of brachy|>terous 
(short ‘Wingoil) $ , with 27 segments. 

I, first (bfuml) segment or scape. 


• In this paper the terms ‘stage’ and ‘instar* are used as synonyms. 
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'of partial division into two segments so as to give the impression of a total of 17 
si'gments. In the third stage the intra-instnr variability (»,e,, variation between 
the 'different intUviduals of the same inatar) is lirst discernible* and etniliiuies in 
the^ 8ub8<¥iuont instars. The number of segments in the third stag** varies frtim 
16-20, but ranges mostly around 18-20. In the fourth stage, the number is usually 
21-23 (most commonly 21), but in one female the left antenna hod only 16 segments, 
although the right antenna had 21. In the fifth stage the number is usually 23-26 
(mast commonly 23), but in one male the right antenna htwl only 20 segments, 
although the left one had 23, In the sixth stage the number is usually 26-27, and 
occasionally as high as 28. At the lower end, numbers ns low as 14 10 occasionally 
occur in the sixth stage on one side of an individual, although the number on the 
other side of that same individual may be normal ; this extreme irregularity appejirs 
to be rather more common in females than in males, as the following four counts 
of females show (see Table 1 for males), the number within brackets being the 
number on the opposite side of the same individual; 10(26); 16(-): 14(28); 14(27). 
In the seventh stage (brachypterous adults) the number is commonly 27-28, 
occasionally 29; rarely, it may be as low as 20-22 on one side, although the number 
on the opposite side of the same individual is the normal 27-28. In one adult 
female the number was 20 in the right and 28 in the left, the right antenna showing 
signs of damage though the tip was rounded. Similarly, in one male the left 
antenna, which appeared tpiite normal, had 20 segments, and the right one 28. 
No significant difference between the ‘fawn’ and ‘green’ type adults was noticeable. 
One macropterous adult male had 28 segments in both the antennae. 

Summing up, the post-embryonic growth in the number of antennal segments 
is as indicated in Table 2 below : 


Table 2. 

HieroglypiMS nigrorejdetua Bol. Summary of the post-embryonic growtii in the 
number of antennal segments. 



I 

11 

• 

III 

IV 


VI 

Vll 

(adult). 

Xuinber of nntonnal 
Hegnu*nfH. 

13 

1 

i 4 

I'HUfiily 

IK- 20 . 
Rrtif'ly 

10 17. 

Il'Kually 
21-23 
(nioKt ly 

iJl). 

Raroly 
ah low 

HH 16. 

i 

Uhuall^ 
23-20 
(mostly 
23). 
Kart'ly 
an low 
as 20, 

IJMUfilly 

26 27. 
Haroly 
as low 
aa 14 19 
and an 
liigh us 
29. 

Usually 

27 28. 

! Uamly 
as low 
as 20-22 
and as 
biKl) as 
29. 


it will t^us be seen that the number of antennal segments alone is not always 
a safe guide'in determining the hopper stage, althou^ it does provide a useful 
guide when considered with other characters. 

For comparison, it is interesting to note that in the closely allied species 
Hieroglyphua banian Fabr, (where males undergo 6 moults and females 7, in contrast 
to 6 moults in both the sexes in H. nigroreplMua), the post-embryonic increase in 
the number of antennal segments in the various stages, according to the data of 
Coleman and Kuhni Kannan (101 l),i s from 13 in the first stage in both sexes to 26-26 
in the sixth (or penultimate) stage in males and 27-28 in the seventh (or 
penultimate) stage in females (Table 1). Figures for adults were not given by 


* Attention to this phenomenon and to the importance of the third instar in the family 

Aerididae in general has already been called by Boonwal (1946 ; 1962). 
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thm? authors. All the 8 long- winged adults (4 males, 4 females) lr<im Ceylon^ that 
I recently studied, had 20 segmentH 

(ii) Varmtion. ^ 

V ariation in the niimher of antcmial Kegments has to be considered in three 
reHjKtetH: (a) the oceurreiUH? of normal v'ariahility as hetw^een the different instars 
(intra-instar variability); {h) the occurreiiee of bilatiral asymmetry in the right 
and left antenna of the same individual ; and (#*) the variation in the increase in the 
niimher c)f segments at each moult, 

Thf‘ normal iniradnstar variability has already been eonsidered above to some 
extent. Regarding the occurrenc(‘ of bilateral asymmetry, it will be notice<l that 
in the first and second insiar hopptTs then* is complete symmetry, the number in 
the* right and left antennae l»eing 1*1 in the first and 14 in the second stage in all 
thi» inilividuals examined. TIic inira-instar difl’erenee ('fahle 1) as well as bilateral 
asymmetry (Table *\) in the right ami left antennae of the same individual are first 

Table 3. 

Hietfujlyphiis niffrorepUius Hel. Dat-a on bilateral aaymmotry (difFeronre hot worn tl»e 
ri^bt and l»dt unti'mia. of the sumo individual) in Uio number r*f antennal KogmentH. {From 
data in Table I.) 

A hkirevvUioH. — T. , tot al . 



! 

^^ufnbo^ ol 
in<lividualK 
' showing 

' (and % of 

1 total). 

XumhtT of 
individuals 
shi ‘wing 
iiityw melry 
(and % of 
total). 

Didoron* o in (ho niiinluT of antennal 
sf^gincnts in a^t/w metrical individimln. 

Stngiv 

Total uuiuIh I 

Hiingo. 

Froqucni y disf ribut ion 
of diff(*n*nff'H. 

(Kigurcft in bnu kets 
imlirat*! frcajut ney.) 

1 

13 

; All (iooo/„) 

Nil 



n 

</- » ) 
?n 5 

All (100%) 

Nil 



Hi 

d* n> 

V 10 

fi(()0%) 

2(200/„) 

4(40%) 

8(80%) 

1 - 2 

1 2 

1, 1. 1.2 

1, 1, 1. 1, 1, 2. 2, 2 


T.Uo 

«(4o%) 

12(60%) 

1-2 

1(8), 2(4) 

IV 

c/'ia 
% 13 

T,26 

12(92:i%) 
|0(76l>%) 
22(84 0%) 

1(7-7%) 

-3(23-1%) 

4(16-4%) 

1 

1-. 5 

1 5 

1 

1, I..6 

1(3). 6(1) 

\ 

cTW 
% « 


5(-16-5%) 

4(600/„) 

1- 3 

1. 1, 1.2.3 

1. 1, 1. 1 


T.I9 

10(62-6%) 

9(47-4o^) 


1(7), 2(1) 3(1) 

VI 

if s 
$ 10 

4(66-7%) 

4(40o^) 

2(33-3%) 

6(60%) 

I 3 

1-^1 1 

1,3 

1, 1, 3^ 7. 13. 14 

j 

i 

TMS 

»(»<>%) 

8(60%) 

l-H 

1(3), 3(2), 7(1), 13(1). 14(1) 

VIl 

(adult) 

$14 

5(38-5%) 

0(64-3%) 

8(61-6%) 

6(36-7%) 

1- 8 

1- 8 

1, 1. 1, 1. 1,2, 7,8 

1, 2, 6, 8. 8 


T.27 

14(61-9%) 

13(481%) 

1~ 8 

1(6), 2(2), 6(1), 7(1). 4(3) 


evident in the third stage (vide remarks in foot-note aliove), and continue thereafter 
up to the seventh or adult stage. In nearly all the stages from the third to the adult, 
roughly onc-half the number of individuals are symmetrical, and the remainder 
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asymmetrical. As regards the difTereiUH^ in the nittuhor of segments in the right 
and left antennae of the same individintl, this varies from 1-2 in the third stage, 
1-1*4 in the sixth, and 1-8 in the seventh (adult). On the whole, there is a rough 
tendency* for this difference to increase with growth, the range of the difference 
being rather higher in the older instars. Then* is also not iceable a alight tendency 
for this difference to be more marked in females than in males, this feature being 
especially noticeable in the sixth and seventh stages. 

• The increase in the number of segments is 1 at the first moult and 2- 0 at the 
second. In subsequent moults the increase in individual isolaU^d hoppers was 
not followed, so that it is not jtossible to state the precise increase in number of 
segments with each moult from individual cases. 

Ill — ^A ntbnnab of Schistoeerca gregaria (PohskAl). 

(Text-fig. 2 and Tables 4-9.) 

Variation in the number of antennal segments in Sehuttocerm gregaria will be 
considered from two asi^cts, namely: (t) variation in the number of segments in 
the adult and its correlation with the number of eye-stripes, phase-categories and 
the number of moults; and (it) the post-embryonic growth and variation in the 
number of segments. • 

I have hero critically discussed the av'ailablc data, and also added some new 
facts. 

(i) Variation in the. advlUt. 

Ballarfl, Mistikawi and Zoheiry (19.‘12) statecl that both in the soUtaria and the 
gregaria phases in Hchietoce.rca gregaria the number of antennal segments in indivi- 
duals undergoing the normal 5-moult (i.e., fi-stage, including the adult) cycle 
increased from 13 in the first stage to 19 in the second, 21 in the third, 23 in the 
fourth and 26 in the fifth. No mention w'as made of their correlation with the 
variation in the number of eye-stripes which was discovered later (lloonwal, 1936- 
1947). Wc now know firstly, that the number of eye-stripes vary from 6 to 8, but 
arc mostly 6 to 7; and secondly, that phase gregaria individuals always have 0 
oye-stripes whereas phase soHtaria individuals have either 6 to 7 eye-stripes. 

Husain (1937) claimed that 7-eye-8triped adults invariably possess 28 antennal 
segments. He also claimed a correlation of this number with the occurrence of 
an extra-moult in the 7-eye-8tripcd individuals. Both these claims have not been 
borne out by subsequent work. 

Kao (1938), and Mukerji and Batra (1938) gave the correlation of antennal 
segments and eye-stripes in the adults as follows : — 6-stripod, 26 ; 6-8tripe<l, 20-27 ; 
7-8triped, 28-29; and S-striped, 30. 

Rao and Gupta (1939) showed that O-oye-striped phase gregaria individuals 
(taken from swarms) have 26 segments, while 6-cye-Btripod phase nolUaria indivi- 
duals have itj segments. I have been able to con&m the first part of this finding. 
The second part, however, is only partially correct. I have examined a number of 
phase aoUtaria 0-eye-striped individuals (Table 4) and found in this category 
individuals with both 20- and 27-8egmented antennae, as also found by Kao and 
Gupta. But a further analysis has shown that aolUaria individuals with higher 
E/F ratios (length of o] 3 dron/Iength of hind-femur) tend to have 26 segments, while 
those with lower E/F ratios have generally 27 segments in the antennae, as is 
evident from the following summary of the data in Table 4: — 

* • 

(a) Among maka — 

(i) E/F 1 •88-2-00. — Out of 16 examples, I had 26, and 14 hiwl 27 segments. 

(ii) E/F 2-0I-2-05. — Out of 12 examples, 7 had 26, and 6 had 27 segments. 

(iii) E/F 2-06-2-20. — All the 6 examples examined had 26 segments. 

5 
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Table 4. 


SvhiMtorrrra >ir(ffnrut (FoiskAl). Xuriibf r of (inU>ima) in 6'eyo «triped phoae 

Hidilarut individuate, tiik»n from Halii(*hii«t)in in llKHO-37 imd^T typical t^olitaria conditioi*s of 
v»*fy low jM>pulati<in ol (isually hx tow |M»r wquaiv rnilo. Noto correlation with E/F ratio. 


Sf riul Si*, 


I 

:t 

4 

(; 
7 
s 
\) 
10 
1 1 
IJ 
i:t 
1 \ 
ir> 
M> 
17 
IS 
ID 
2o 

O-J 

2:\ 

24 


”l 

Sex. 1 

i 

E/F ratio. 

Xo. of 1 
tino ‘anal 
hc^ments. 

Serial So. 

Sox. 

E/F ratio. 

No. of 
antonnal 
sl'puients. 

<f 

IKS 

21 

2t\ 

f 

2 05 

29 

ff 

l*HH 

21 

21 

f 

205 

26 

<f 

1 

21 

2H 

f 


26 

<r 

1 SU 

21 

2*J 

f 

214 

26 


1 

21 

:io 

f 

2- 15 

26 


i ho 

21 

:n 

f 

217 

26 ■ 


Idvj 

21 

:v2 

f 

2-20 

26 


1 .u* 

•>7 





if 

y 

1 hrt 

2i\ 

:vA 

$ 

1*97 

27 

Y 

iim 

21 

:it 


1 97 

27 

Y 

I hs 

21 

ar> 

I ^ 1 

202 1 

27 

if 1 

I'hh 

21 

:n> 


202 

27 

Y 

1 hh ' 

21 

:i7 


2-05 

27 

f 

1 hh 

21 

as 


2-05 

26 

/ 


21 



2- 05 

27 

r 

2 ol 

L»a 

Ui 

V 

2*00 

27 

.V 

'2 (»1 

•.^7 

n 


214 

27 

/ 


21 

12 


2- 14 

27 

,/ 

•jol 

Jh 

i:i 


2 14 

27 

H* 

•Jo| 

2i\ 

1 1 


2*10 

26 

f 

‘2'0‘2 

21 

15 

$ 

2\i\ 

26 

y 

2 

2{i 

01 


2 11 

27 

r 

2’i 'A 

21 

47 


2-20 

26 

f 

li'Ol 

21 

4K 


2*23 

26 

f 

2 (».! 

2e* 

49 


2*24 

26 


(h) A momj females — 

(i) K/K 1 '97-2- 14. — Out of 11 examples, 1 had 20 segments, and 10 luul 27 
segrntuitH. 

(ii) KjV 2 ir)“2-24, — Out of 0 examples, 5 had 26 segments and 1 had 27 
segments. 

The correlation het\ve<;n the Tutniher of adult antennal segments on the one 
hand and the nuinher of eye-stripes and phase-category on the other, is briefly 
suinmarisefl in Table 5. 

Table 5. 


iirfoerrea ijretjnria ( Forsk&I). Corrolatioii betwoon tho immbor of adult antonnal segments 
on the one hand, and the number of eye-stripes and phase phase-category on the other. 


Number of eye-Htrijves. 

5 

{rar<9. 

6 

i 

i 7 

8 

(rare). 

XumlK^r nf antonnal «eg- 
inentH. 

j 

25 

(i) Ph. flrrff?,— 26. 

(li) Ph. AO/.-~2fr-27, 

26 in those with higher 
E/F ratios and 27 in 
those with lower 
ratios. 

28-^29 
(ph. Mol.) 

30 

Normal number of moults. 

4 ' 

5 

5-6 

6-7 


5 » 
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(ii) Po^t-i^mhrtfnuic 

•R<-garding tho mode of origin of tlu' tliireroiuo in tlu- lunnluT of segments in the 
aduH, a st-udy of development has shown (Ballard, Mist ikawi and Zoheiry, 1 5132 ; Rao, 
1938; Mukerji and Batra, 1938; and Roonwal, present aoeount) that the number 



Schistoceroa gregaria (FonskAl). Antonnao cj iuIiiHh 8howinj< variatit>n in ll‘n nurnbor of 
segment 8. (a) Right antenna, with 26 8egn»f*nt8, of a O-eye wtriped. phfi8o gregaria ^ frtiin a 

swarm in Peshaw^ar (N.W.F.P.)* W antenna, with 26 RogmentH, of a 6 oy<* Ktrij)ed phoso 
9olUaria ^ from Laslxda State, Raluefiistan. (c) Right antenna, with 27 negmentB, of a 6 «iye- 
striped phaae solUaria ff. from Laahela State, Raluehiafaii. {d) J^oft antenna, with 28 negmentw, 
of a 7-eyo-8trii!lpd phase aolitnria ^ from Baluehistan. 

1, first (btfsal) segment or scap<j; 26, 27, 28, twenty -sixth, twenty seventh and twenty* 
eighth segments. 


of antennal segments increases with each moult, the number in tho first stage 
always being 13. Since extra-moulting is also one of the metho<ls of the addition 
of extra eye-stripes {vide Roonwal, 1947), a certain degree of correlation between 
the incrc^d number of eye-stripes and that of the antennal segments will be 
evident. ’On the other hand, individuals with the same number of eye-strijws, 
viz., 6, may have a varying number of antennal segments, the number being partly 
correlated with phase-category but not to the number of moults, since fi-eye-striped 
. individuals have, normally, 5 moults in both the solitaria and the gregaria pha^. 
The statement of Mukerji and Batra (1938), that ‘since the number of eye-stripes 
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have Im-mi roiiufl t(i rorn*s|H>iul with the numher of iuBtarn, and as the latter, in 
turn* a rrlation.ship with the number of antennal hegmenta of each stage, it 

follourt that the thrrt‘ faetors are organically connected with one another’, is only 
partially tnu*, for tl\f^ correlations claimed by these authors in respect of eye-stripes 
and moulting are only partial, as has already been shown by Roonwal (1947). 

A study of pOMt^ rnbryonic development has shown that irrespective of the 
kind of aduits produ< ed in rea[ject of eye-gtripes and phase-category, two types of 
itulividualH are pnxluced in third instar hopj>er, one with 20 and another with 
21 aiittuiriul segments. Thereafter, in eight fi-cye-siriped examples studied, the 
course of siibsecjiKUit d(^velopment w'as common and 2 segments were added at 
viivli moult, thus resulting in 26- and 27-8egmented adults (Table 6). 


Tabi.k 6 

Srhintt^e^ rcd ijr^rfariu (F<»r>ikAb. (!oiirs<i of development of the antennal aegmentg in 6-oyo. 
Htrip^'d itifliviiliiols (oil with Ti iiiuultH), 


StJijjfo. I 

(1 

III 

IV 

V 

VI 

(a<lul() 

.Vumbor of oyo- 1 

Htripf'H. 

2 

a 

4 

5 

6 

Numbt'f t»f tmtt'H. 13 
nil! 

19 


22 

23 

24 

25 

20 

27 


The orij'in of (he initial differenoc in the third stage is obscure, but it is not 
due to an extra-moull . Tt may he meiitione<l that this is yet another example of 
(.h(‘ {K-etiliarity and extraonlinary inipt)rtance of the third instar {vide Roonwal 
1052; and |)resei\t paper, foot-note on p. 219 above). Nor is the difference 
in the number of moults alone the cause of the difference in the number of segments 
in the individuals with a varying numher of eye-stripes as ctmtended bj' Mukerji 
and Ratra though moulting certainly is one of the factors which leads to the 

addition of segments. The number of segments is also partly correlated with 
phas(‘-category in the O-eye-strijicd individuals. The problem needs further 
enquiry. 


IN' — Di.sci'S.sion' and Genkral Conclttsions. 

(Tables 7-10.) 

A stu<ly of the available data on variation in the number of antennal segments 
and their {Mwt -embryonic growth in the Acrididae shows that these features are 
distinguished by the following general characteristics: — 

(i) The numher of segments in the adult varies, with the species, firom 17-30; 
variation within the species is oontined to narrow limits not exceeding 1-2 as a 
rule. 

The low'cst adult numbers occur in PoecUocerus pictns* (18) and in Cokmania 
itphenarioide.'* (17-19), and occasionally in Hieroglyphug nigrorepletttg (as low as 


* Kniir adults from Tndia wore examined by me and gave the following counts (R, right: 
L. left anlennal^-d* (R. 18; L, 18), ^ (R, 18); f (R, 18); ? (R, 18; L. 18). 
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JIO-22, though the usual number is 27-28). The highest numbers occur in //iero. 
glffphus banian (29), ff. nigrorepletus (27-^), and a few (S-cye-siriped) individuals 
• of S^istocerca grtgaria (30). Variation within a sjieoies is usually within narrow 
limits of 1-2; but in a few cases somewhat wider limits of variation are met with, 
as iu Hierttglyphus nigrorepletus (1-9), the adult number in this species being 27-29, 
rarely as low as 20; and in SchisUxerca gregaria (1-6), the adult number being 26-28, 
rarely 26-30. 

, (ii) Daring post-embryonic growth there is an increase* (by 1 or more 
scgdients at each moult) in the number of segments from tui inilially low figure in 
the first instar. 

(iii) Generally speaking, since the number of segments increase with each 
moult, extra-moulting individuals (t.c., individuals which ujuh'rgo more moults 
than is normal for the species) tend to have more segments in the a<lult than the 
normal-moulting individuals; conversely, under-moulting individuals have fewer 
segments. 

Thus, in Melanopluti bivittatvs and Schistocerca gregaria the extra-moulting 
ahd under-moulting individuals have, generally, more and fewer st'gmonts 
respectively than the normal ones. On the other hand, in Hierogh/phvn banian 
and CoUmania sphenarioule^ the extra-moulting individuals have the same number 
of segments as the normal ones (Tables 1, 7 and 8). 

(iv) The initial number of segments in the first instar hopper varies with the 
species from 8-14 (Tables 7 and 8). 

This number is generally constant for th(‘ species, and variation within the 
species is uncommon. In a few' cases, howwer, the number has been shown to bo 
inconstant. Thus, in Loemta migratoria Linn, it varies from 13-14, and other 
numbers are also encounterefl rarely. In MeUinnplvs mejricanw 8auss. (—M. 
aUantis Ril.) it is 12, but in ilTspretnx (which is the supposed gregarious phase of 
M. mexicanua), it is 12-13, The number is lowest in Poerilocerna pictna and 
CoUmania aphenariovles, in both of which it is 8, and highest in si)ooies of Locuata, 
Schislocerca, etc. (13-14). 

(v) The number of segments in the adult is correlated to a certain extent, but 
not absolutely, wdth the initial number in the first instar, the adult number being 
generally higher in species wiljx the higher initial number (Tables 7 and 8). 

Thus, in Poeeilocerua and CoUmania the initial number is 8 and the final (adult) 
number 17-19; in Phoetaliotea, Camnula and DiaaosUira, the initial number is 11, 
and the final number 23-24; in some species of Melanoplua the initial number is 12, 
and the final number 23-26; finally, in the remainder (e.g., flieroglyphna, Schiatocerca, 
Locuata. etc.) the initial number is 13 (rarely 14), and the final number usually 
26-29 and occasionally os low as 20-22 (some individuals of Hieroglyphua nigrore- 
pUiua) and as high as 29 (some individuals of H. nigrorepUiua) and 30 (some 
individuals of Sehistoeerca gregaria). 

(vi) Generally speald^, in a species the intra-instar variation (t.e., variation 
between the»^flFerent individuals of the same instar) first appears commonly in the 
third instar *but sometimes also in the second (as in Poecilocerva, Locuata and 
Docioataurua) (Table 7). Rarely, it is evident in the very first instar, as in 
Melanoplua apretua and in Locuata migratoria migratoria. Guce it has made its 
appearance, the intra-instar variation is continued in the subsequent instars, though 
not in a regular way. 

(vii) 'Hie increase in the number of segments with each moult in a species is 
generally constant (within narrow limits of variation), but varies from moult to 
moult, tl^e number «^ded generally, but not always, decreasing in the later moults 
as compared to the earlier (Tables 9 and 10). 


* For a aeaentl diaouesfoa on soveml orders of insects, see Tmros (Ifl4c), 
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xnorpho logical stage' is to be distinguished from the ‘chronological stage' {t'ide discussion in Roonwal, 1946, pp, 79--S1). 



Xiumber of antennal eegmente addefl at each moult in some Acrididae. {From data in Tables 1,7 and 6.^ 
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Table H>. 


Pw<iu<tn<'y ftf th« numlx*r of antennal tioginentB added at oaeh moult in tho Arrididae. 

{From Tables 1, 7, 8 and 9.) 


N«). of Hfitonnal 

k<IU*4 

Uan^e. 



Frequency. 



Total number of 
species (and 
kinds regarding 
moulting) for 
which data are 
available. 

o 

i 

1 

1 

•> 


4 

5 


tnt fnoull 

1 V) 


.1 

4 ! 

10 

10 

1 

4 

20 

2nd moult 

1 5 

u 

5 

14 

14 

10 

5 

0 

2tt 

lird moult 

! 5 

u 

t» 

<1 

5 

•> 

2 

0 

18 

4th moult 

I :\ 

u 

H 

14 

9 

0 

0 

0 

2:i 

5th moult 


I 

7 

\) 

2 

0 

u 

0 

17 

Util moult 

1 I ( 

0 

•> 

2 

:i 

•> 

0 

0 

4 

7th moult 

1 1 2 

o 

I 

2 

1 

0 

0 

0 

0 

2 


Tlu' itto roaso at ea(*h moult may vary from Kegments. From a study of 
till' available data for the Aerididae (Tal>le 10) it is seen that the number of segments 
add(‘d ati.(*a(*h moult of the successive chronological moults is as follows: — 

First moult: !-(>, mostly 4. 

Srrnnd moult: I 5, mostly 2 -3. 

Thirst moult: I 5, mostly 2. 

Fourth moult: 1-3, mostly 2. 

Fifth moult: t)-3, mostly 1-2. 

Sivfh moult: 14, mostly I (4 cases only). 

Srimth moult : 1-2 (2 cases only). 

It will be seen that there is a tendency for the number of segments added at each 
moult to deer<'as<* with the successive chronological moults, 

(viii) Tlu‘ iner<'ase in the number of segments at each moult does not appear 
to be e(»rrelated eith<‘r with the initial or the final number of segments in that 
species, nnr \\itli tlie number of moults undergone during post-embryonic growth. 

Thus, with the same initial number of segments in the first instar and the same 
number i)f moults in speeii^s of Hierofjli/phus and MeUmoplus (Table 7), the final 
number of segments may still vary. 

(ix) Bilateral asynmietry may occur in some individuals of the older instars 

in a species, the remaining individuals of that instar being symmetrical. The 
dt'gna' of asymmetry roughly tends to increase with age, being greater in the older 
instars; it may also be rather more common in females than in males, especially 
in tho older instars. » 

Thu.s, in Uieroghjphus nigror^pleius (Tables 1 and 3), from the third instar 
onward, rotighly one-half the number of individuals are asymmetrical; the 
differenee in the right and loft antenna is 1-2 segments in the third stage, and is as 
high as 1-14 in tho sixth. (For a fuller discussion of this species, vide supra.) 

(x) In s}>ecies where eye-stripe variation occurs, the number of antennal 
segments generally shows a positive correlation with the number of eye-stripes. 

Thus, in Schistocerra gregaria where the number of eye-stripes varies from 
5-8 (Roonwal, 1936, 1947), the 5-eye-striped (4 moult) individuals ^ve 26 
segments, the 6-eye-8triped (5 moult) ones 26-27 segments, the 7-eye-8tn^d (6-6 
moult) ones 28-29 segments, and the S-oye-striped (6-7 moult) ones 30 segments 
(Table 5-8). It may be added that the eye-stripe variation in this species is only 
partially connected with the number of moults (Roonwal, 1947). 
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(xi) The number of segments i« also coxT(>latt'(i with the plnwio*category where 
the* phase* t)rT>e of variation (see Vvarov, 15^28) occurs. Phase gmjaria tiulividimls 
generally have fewer segments than phase soWuria ones. 

Thus, in SchiMor^mi ijmjana the theye*striped indivalualH have 26 HcgtneTds 
in-phase gregaria and 26 -27 segments in jiliuse soWaria (Hao aiul (^upt a, 1 936), though 
both categories normally underg<» only 5 moults. Among tlu^ phases mUtaria 
G-eye-striped individuals, there is Tiotieeable, as shown above, a i*orreiation between 
tl^e E/F ratios and the numl)er of antennal segrneTits, Individuals with In’gher 
E/F ratios tend to liave 26 segments, and those with Iowct ratios 27 segnu'uts. 
This feature is interesting in as much as ])haso gmjuiin iiulividuals have the highest 
E/F ratios and, correspondingly, only 26 antennal segiiuu\ts. In other words, 
ev'en in the ]>hase .^oliiaria individuals the number of s«‘gments IvimIh to decrease 
as we niov'e from the extreme soUfaria towards tlu* gregaria en<l of the seri«‘8. In 
I}pnosiauruH waroccarru.'<, however, according to Jannone (1939, ]). 416), there are 
26 adult segments in all the phase^eategories. 

Finally, it should be emphasised that there is ru'od for more data both regarding 
the number of segments in the adults and the manner (»f post-emhryonie grovvih. 
A vvonl reganling the teehni(jue of counting is nect^ssa^y. rtmntiiig can be done 
in either dry or spirit specimens, and is best done in strong inciileni light (from an 
electric lamp or directly from the sun) and under a mjignification of about 15 to 
20 times. Transparent ])ermanent mounts on slich‘s are not partieularly h(»lpful. 
Occasionally, a segment appears to be divide<l iiito two by rm^ans of a faint trans- 
v^erse suture; such eases should be carefully examined to decide whether the division 
is real or otherwise. 


— SOMMAKY. 

.Diirinfr pent -ombryoni^' ^yro^'th in tbo phadkd | 4 raflfihay)per, Huroglyphuti i\igrore.phtiJifi 
Bolivar, tbo mimhor of iintonnal in<Toii«o from IS in tbt' lir^t wtago to a maximum of 

29 in tbo novontb stajro or ft4bilt. Tbo nurnbc'r c»f Ho^rmentH in oaob Kta|j:o aro aa folfowH:— 13; 
II, 14; III, uHiinlly IH^ 20, rart'ly l(i 17; IV, iiHualJy 212.3 (rnoHtly 21), rmtly aa low hh 1(1; V, 
UHiially 23-' 2r) (mostly 2.3), raroly as low aa 20; \'l, iiHuolly 20-27, rarolv aa low as 1 4-' JO, and /m 
bijgh as 29; VTl (atbilt), usually 27-28, raroly a.M low' aw 20-22, and us high as 29. 

2. The obar^wtoristicH of poKt-ombry<»nio growtb, intra instiir an<l intra-irulividual 
(bilatoral aHymrrif'try) in Hicrofjiyjihufi vujrorrpjH^if* t\rv oluoidatod. 

3. Tbo portt-ornbryoni^* grow’th in tbo nurnbor f»f antonnal sogmorilH in tlio D4wrt Loousi, 

Schistoc^rca gregnrui (ForsUAI) is oritirally disruHar'd. and H<»mo now data ad<l«’d. A oorn^lat ion 
botw'o<ni tbo nurnbor of sogrnontH and tlio E/K ratios is sbowii to c^xist in (boyo striped pViaso 
Molitaria individuals, thoso with higlier ratios having 20 wogmonts and with lower ratios 

20-27 segmontfi. 

4. Available data on tho family AfTi<iidao on tho niunbor af antennal Hoginonta and theur 
variation and y>oHt -embryonic growth are Hummarised and discusw^d. Based on this data, a 
sot of general characteristics is formulattKl. 
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STUDIES ON FOLIAR SCLEREIDS IN 1)ICOTYLK1»ONS. 

IV. STRUCTURE AND DEVELOPMENT OF SOLKKEIDS IN THE LEAF 
OF TERS8TR0EMIA JAPdSiVA L. 

« 

Ry T. Anand.a Rao, Af.R. Srience hiKtilute, (hijarat Collnjr, AhintAalHid. 

(Communicated by Prof. P. Mabeshwari, F.N.l.) 

• {Received March 26; after rei'uion June 19; read October 5, 1951.) 

Recent studies of Foster (1947), and Rao (1951a) have cmplinsiKed the 
'importance of studying the ontogeny of scloreids in order to know whetlu-r (erininal 
solereids originate from procainbial cells in the df^veloping veinlets or from adjacent 
cells of the ground meristem. The present paj)er describes some observations on 
the ontogeny of the foliar solereids of Ternstroeuiia jaj>ouica L. 

Loaf material of Ternulroeniia ja/ionica was colleeb'd from diflerent places 
near Coonoor. Vegetative buds as well as young and old lumirim* were fixed in 
formalin-acetic-alcohol. In addition dry spc^cimens were seourf'd froni a number 
of herbaria. The fixed material was dehydrated and embedded in paraflin 
according to the customary methods. Sections were stained by Fosb-r’s nnfihod 
(1934). The leaves of herbarium specimens were cleared and macerated as outlined 
by Subramanyam and Rao (1949). 

Distribution of Rclereids in the Mature Lamina , — In agreement with the 
observations of Solereder (1908), the present study has revealed the existence of 
‘branched sclerenchymatous cells’ in th(* mesophyl! of Ternstroemui jajHtnicu. 
These are remarkable on account of the variation in their form and structure. 
Besides the polym(>rphio form' of the a<laxial sclcrciils, cleared portions of the 
laminae showed an abundajicc of apparently terminal, sub-tcrininnl and difl'use 
solereids. A noteworthy feature is the regular pattern of their flistribution. Three 
categories were foiind: (i) Adaxial sclereids showing an intimate relation with the 
vascular bundles; (ii) abaxial sclereids in the lacunatc spongy tissue; and (iii) 
sclereids in the parenchymatous part of the mid-rib. 

The adaxial sclereids exhibit various trends resulting in symmetrical or 
sometimes asymmetrical forms. They vary greatly both in size and form (Figs. 
16-22), from onbranched forms to stellately hran<>hcd ones. The latter show long 
arms, sometimes forked and occupying considerable portion of the palisade and 
spongy regions. Whatever their form, some of the sclereids exhibit a close 
association*with the foliar veins (Figs. 4-9). 

Unlike «the adaxial sclereids, the sclereids in the abaxial region of the lamina 
are situated in the midst of well-developed air-spaces Avith their arms lying free in 
the lacuna. Sclereids of this type have been reported in a large number of angio- 
sperms and haire been described quite recently in the leaf of Trochexlendron 
aralioides (Foster, 1946o). A transection of the mature leaf shows the presence of 
idioblastic abaxial sclereids at various levels in the siJongy parenchyma. They do 
not exhibit as much variation as the adaxial sclereids. All of these have a more or 
less stellate form with radiating arms of limited growth (Figs. 23-28). These 
diffuse sftlereids do not show any connection with the vascular bundles. 

In the parench 3 nna of the mid-rib region, the sclereids are more densely 
aggregated. They are abundant on the abaxial side of the mid-rib region. Their 
arms are short or drawn out and they exhibit an irregular form. Sometimes their 
ardni come in close proximity to the foliar bundle. 
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V'lo. 1, Tr«nso<‘tion through suhnmrginal jx^rtion of young lamina with very yoiinff aclereid 
initial Hhi>wing lulaxial and ahaxial procesaca. x450. 

,, 2. Muif' adv^anciH:! stago. Noto tht‘ conspicuous nucleus and the proximity of tho scloreid 

to the vascular bundle. x450. 

Transection of matim> lamina showing pseiidoterminal sclereid. Note the sharp 
abaxiai proco8s<>8 lying in proximity to the vein bundle. x 225. 

Flos. 4-9. 8clejpt>id8 from cleared portions of mature lamina showing thoir proximity to 
veinleta. x 125. 
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Structurally, the adaxial Hcicreids show a vigorous growth and have a broad 
lumen in the centre which narrow's towards the arms and finally hcconios much 
reduced. The cell wall is homogeneous and free from spicules. The abaxial 
sclmids are similar to the adaxial, but they are less vigonnis in growth and their 
arms are shwter. Tlie sclereids of the mid-rib region present a strung resemblance 
to adaxial ones, but they are ‘ cell forms’ of limiud variation. The processes lie in 
small air-spaces and exhibit the same structural features. 

. SelereidH of the Mid-rib Region.— Ae in a previous study (Rao, 195Ifl) 
developmental stages of the sclereids were traced from sections of young leaves 
selected from unfolding leaf-lmds. The unexpandetl young lamina is composed of 
clo8(*ly packed cells and neither sclereid initials nor air-spices are tiistinguishable. 
Transections of the expanding laminae exhibit n slight tissue dilTerentiation in the 
abaoyal part and in the ground parenchyma of the mid-rib region. The sclereid 
initials appear first on the adaxial and abaxial sides of the mid-rib. They are either 
isolated or appear in groups of 3 to 5, They are jjolyhMiral in shaiH* with a larg(» 
central nucleus and rtuUating strands of cydoplasm (Figs. Id-Jl). Small air-spaces 
now appear, especially in the abaxial region of the mid-rib. Thus the scilereids 
initials and air-spaces originate at about the same time. In the next phase of 
development the walls of the sclereid initials become slightly thicker and throw 
out plug-like processes in all directions. The mode of growth is intercellular. As 
noted by Sterling (1947), Foster (1944) and Rao (l951o), the sclereid arms show' a 
strong tendency to make their way towards an air-space. The entry of the arms 
into the air-space seems, how-ever, to stop their further growth. The cell wall 
now thickens considerably and the lumen of cell is almost entirely obliterated in 
the arms. 

The Abaxial Sclereids, — With the development of sclereids in the mid-rib 
vertical air-spaces appear in the spongy tissue of the sub-marginal part of the leaf. 
It is during this phase of expansion of the sjwngy region that the abaxial sclereid 
initials become recognisable (Fig. 12), As in Tro^odevdron araliouleji (Foster, 
19456) the sclereid initials originate at various levels of the septa which 8ei)arate 
the air-spaces. At this stage the septal layer is composed of a vertical row of 
young spongy cells. As reported by Foster (19456), Bloch (1946), Sterling (1947) 
and Rao (1961a) the idioblastic sclereid initials show a large nucleus with radiating 
strands of cytoplasm. The sclereid initial cells arc mostly sub-spherical with thin 
cellulose wall. The enlargement of the sclereid initial coincides with the vertical 
and transverse expansion of the air-space. The first stage of the grow th of the 
sclereid initial cell is the appearance of blunt processes, especially at the corners 
(Figs. 12-13). These processes make their way into the air-space. With tlie 
development of the processes the cytoplasm is thick around the nucleds but shows 
parietal disposition in the developing arms. The sclereid processes have a limited 
growth and occupy a small portion of the air-space. At maturity they possess a 
broad central lumen which narrows towards the arms (Fig. 14). As noted by Rao 
(1951a) the'^nucleuB can be observed up to a. late stage in the ligniiication of the 
sclereid (Fig. 14). 

The Adaxial Sclereids. — ^The adaxial sclereid initials are initiated in the third 
layer beneath the upper epidermis (Fig. I), at a somewhat later stage than the 
abaxial sclereidST At the time of their initiation the lamina shows a good degree 
of tissue maturation, with a w’ell-organised cuticle and palisade region. The 
vascular l6undles are also fairly well organised. At this phase of leaf expansion, 
the mesophyll ceils beneath the palisade layer are closely packed without any air- 
spaces. the contrary, the abaxial region of the lamina possesses clear vertical 
clefts and well-developed sclereid initials. 

In the light of the occurrence of ‘terminal sclereids’ in Mouriria huheri (Foster, 
i547), Memscylon. heyneanum (Rao, 19516), Jf. Lushinytonii and Niehburia apetala 
(Rra, in press) microtome s^ctiems of Temstroemia were examined to see whether 





Fxa. 10. Solereid Initial in the midrib iMrtion, x450. 

II. Sclereid initial showing prominent processes. Note approximation of adaxial process 
to vascular bundle, x 4d0. 

Flos. 12-13. Transeotiona of young laminae showing early stages In ontogeny of ah'^'^Ial 
solereids. Note the prominent processes protruding into the developing and ex- 
panding air-olefts. x460. 

Fio. 14. More advanoed stage of abaxial sclereid showing a prominent nucleus and cell wall 
with pit-canals, x 450. 
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the selereid initials are difFerenliated at the tips of the procamblal strands. As 
I'^Thospyros it was confirmed that the adaxial selereid initials originate just above 
the vascular bundle and not from the same procambial strand. 

The adaxial selereid initial, which is more or loss rectangular in transection, 
shows plug-like processes at the comers (Pig. 1). These processes elongate in all 
possible directions; sometimes entering the air-simci^s of the spongy tissue. In all 
cases the growth is intercellular. By virtue of tlieir close juxtaposition with the 
v^eular bundle, exhibit a prevailingly terminal or sub-teruiinal position 

(Figs. The selereid uutial shows a prominent nucleus with radiating strands 

of cytoplasm. The jnature adaxial sclereitis jH>sses« a homogeiu our cell -wall and 
pit canals. The nucleus can be recognised for a long time. In later stages, it 
becomes pear-shaped, a feature also seen in the grow ing sclereids of (Jim (Kao 
and Kulkarni, 1952), Metneq/loi (Rao, 1951A), Linoexera init^r media Niehburui 
apeiula (Rao, in press).. 

OoNi'UJsroN . 

The present Rtiidy shows that sch^reicl initials in diflerent regions of the leaf 
do not differentiate simultaneous!}', Tlu* first to appear an* the sclereids of the 
mid-rib region; these arc followed by those of tin* spongy region; and finally, the 
adaxial part. As noted in Trochyiendron (Foster, l945/>), tlu^ origin of the selereid 
initials is not limited to the early pha.s<‘s of tissue maturation. 

Regarding the relation between air-spaces and sel(*reid initials, the selereid 
initials of the apongy region form processes which project freely int<i the adjoining 
air-sj)ace. The arms of the adaxial sch'reid initials, on the other hand, grow 
vigorously in an intercellular fashion, although, sometimes they grow further and 
penetrate into the air-space.s of the spongy tiR.su(^ (Fig. 3). 

The arms of the sclereids in the mid-rib region may also w orktheir way towards 
the adjacent air-spaces. The air-space sccuns to arrest tlu^ furtlier grtiwth of the 
arms, since in the absence of an air-space the arms grow^ more vigorously. 

in Diospyros dismlar (liiio, 1951a) and Linociera intermedia (Rao, in press) 
the apparent terminal position of adaxial sclereids is due to a close juxtaposition of 
the* sclereids to the vein-ends. These p.seudo-ierminal sclereids exhibit much 
variation and pronounced growth. The significance of this is so far unknown, 

T wish to thank Prof. P, Maheshwari for going through the manuscript and 
Dr. M. J. Thirumalachar for kind encouragement. 

SUMMARV. 

Tho sclereids in tho cleared leaf of Ternatroernia japonica show apparent terminal and 
diifuse distribution with reference to voinlets. Tlio selereid ontogeny has revealed that selereid 
initials appear in thr(:)e stages of tissue expansion. Tliey are in fact transformed spongy cells 
and the apparent terminal position of some of the adaxial sclereids is due to juxta})osed and 
vigorous development near the voinlet. Tlio study emphasises the need for ontogenetic study 
to prove thd real relationslnp between piocambial layer and the selereid initials. 
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J . InTHOI)U( TiOjSi. 

adio (1937) has Miggrsi(‘<l that in Xnris f//rrr,s’uv>/(;/', N\lui5h iH abh^ to 
withh' and lo\roriiig of llu' .salinity of tlic* (‘xi(Tnal incdiun), thr n(j>hridia may ho 
iVH[' aisihle for the luMvssary osmotic adjnsl nnoits. A similar n'lationshi]) hotwc'on 

and the al>ility to siirvnvo low salinity (ronditions has Ixs!!! 
shown to o.xist in scTi^fn ^)avon ina hy Kwor and Kwor (1943). Sinoo closely allied 
species differ widely in tlnar osmotic behaviour and tluu'cfon^ in their ability t»<> 
thrive in waters of low and varying salinity it was thought that an examination of 
the iK'phridia in .su(4i specie's would be of in1('rest» as it might reveal whether the 
nephr idia W'hi(;h j)erform vwmoregulatory functions show correlated anatomical 
"vanJltions. Ilitlu'rto work on nephri<lia of polychai'tes was carried out without 
reference to the external medium. In the following study an attempt is made to 
company the nephridia of alli<Ml speci<'8 of Nenu’cbK' from the* sea and brackish water 
to hnd if any relation exists betw(‘eii the nephridia and the salinity of the external 
medium. . 

^ 2. Material and Methods. 

The material for this study consists of the following Nereids: Lyrmiifi irnlirn 
Sou^^ i^y AV/v/is £rhilk(if ihsin Southern and Pareiverrin mniiia Savigny. l^ycastin 
wvs i^bTlected from the brackish waters in the vicinity of Madras where it is 
abundantj[y distributed. In this habitat there is a wiiic seasonal fluctuation in 
salinity. (Panikkar and Aiyar, 1937). Lijcmtu imiica occurs very close to the sea as 
well 08 in the inner reaches of the brackish water area where the water is almost 
fMsh. Ift^tho laboratory it has been kept for months in fresh water in a healthy 
condition. Though it shows a marked tolerance to salinity changes it has not so 
been encountered in the sea. Nereis chilkmnsis w'as taken from the Madras 
harbotir wiiere it occurs in large numbers in the midst of sedentary organisms which 
air^Si^iached to the buoys and boulders. The harbour is an artificial enclosure of 
about quarter of a square mile in area enclosed by concrete breakwaters. The 
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its luiix n {Fif[. Fh.ni 1 hikI 2). In traiisv'ersc sections the hlmxi tvlfrtl 
laricH lire s«‘cn forming u ring round the canal. After coursing through tlie itU' -r 
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Lyca^iie indiiui : 

I^ iti I \n ujtt if ill of’ Mio nt'plirulium (dui^^miiuiuitii ) Mhnwiui; ll»<* tiinV‘ri»nt ro^iunH of 

ilio faiitil. Tlu' nophridiostomo in not ahown in tho iigun\ 

Km 2 . A t rtirHvt'ivo 8o< ! ion through t ho nophridiutttomo. 

Khk o. a tninavorHi' portion thmugli t!u» widor non-oilmtcHi jmrt of tin' u<‘p)iri<iiai omial 
sh«>vvin^ tht' pt*Hitit»n of blot>d oapilluriow. 

Ki4k h A stH ti«>n throu>j;h a |>art of (ho nophridiuni of a worn^ uoolimatimxl to wator. 


nrifl outor loops of tlu* uophriciium the eauul emerges out of the body of tlU' 
iie[)hridiiini au<l runs towards the lateral border of the ventral loiigituduAal muscle 
where it opens by the nephridiojwe. 

The coniu'ctive tissue which envelo|>e8 the nephridial canal is much vacuolat^l 
(Kig. o). The nuclei of those cells are small iiiid loosely arrange<l fibrils of various 
degretvH <if thiekucxss arc seen in the coniiectiv'e tissue and also in the cytoplasm of 
the cells of the canal. They pass circularly round the non-ciliate<l part of tne 
canal. The ap|>t'aranee and distribution of these fibrils are similar to tho*"' 
\ereis diverMcolor^ It is not knowTi what function they serve in Polychactes. 
They recall the xso-called resistance tibrillae known to be of wide occurrence in the 
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rfidia of Oligochjiota, whore it has bom KUgg^toil tliat ^liey funotion in 
T. 'ptiiig a too extreme compression of tlu> wans t)f tlie nephridial emial 
(Stt siicu on, J9:U)). 

Til' blot..' supply to the nephridium is liighly devt'loiw'd. It comes from a 
lateral ves sel wft ich arises as a branch from th«' vent nil longitudinal vessel. This 
vessel runs to the gill. and cloisie to the body of tiie ne})kriiliuin gives oil* a number of 
branches one behind ilie otluT to tlu^ nephridium. Ka<*h su<h branch divi<h*s 
forming a cluster of t\\igs which spreiui over the* lU'phridium. The capillaries 
penetrate tli(‘ connective tissue enclosing the nephriflial canal and eoruc to lie in 
close association with the distal part of tlic‘ nephridial c*anal (Kig. 5. Ph.in, I and 
2). In this position th<‘ blood capillaries are separated from the lumen of the 
lAvphridial canal by the narrow' Ciclls lining the canal. Anoth(‘r haiture oi* tlu' 
vascular supply to tho nephridium is tlie prosemx* of blind-onding ca|)illari('s w ith 
Ajiinute dilatations oil tliem (Ph.ni. 1). These do not ap])ear to liave Iieen (h'scribiMl 
so far, in the Nereidae. The ampulbus as these dilatat ions havx' been called, are of 
wide occurrenee in inanj' Oligochaetes (Stephenson, WVM)) and have also be<*n 
obst^rved in a few' l\)lycliaetes. Benham (1891) noted them in tb(‘ blood vesscis 
Hupplyujg the lu^phridiun) in sp<.xi<‘s of An viroUi. Tlieir functional signilicam^e is 
oliscure. (Icgenbaur (as (juoted by Benham, 1891) thought that tliey an^ conm^cted 
with the repn)duetiv<‘ function. (iapaii^d6 (1899) figured tliem as being filled 
with corjmscies which might suggest that they subservi' the excretory fumiion. 
The . iiid-ending capillaries }iav(‘ been notixl in rciation to th(3 ii(ij>hridia in 
widely separated s])ecies such as Marphysa sangainm (Kuchs, 1907) and l.anicr 
cituchihya (MeyiT, 1888). It is j)ossibl(‘ tliat tliey occur moni widely than at 
pi<‘sent knowm. Their occurn^nce appears to he somewhat c'xratie being found in 
one spi ciiis and absent in other closely related siK*cies. Ew^er (1941) noted th(*m on 
flu* segmental organ of Travtma JorhvfiU but J^rown (1938) who W'orked 
on the allied Ophelia cUdhpnsis failed to see them. Ewct discussr s at some hmgth 
the j)t>ssil)le function of the blind-eiuling capillari(‘H and eoncludc^s that in the 
a!) of w more complete l<n()wi(xige. of the mechanics and physiology of circul- 
ation, their sigiiitiCcAi.' , 'f must remain a matter for sjujculation. 

1'abl(‘s I and 1 1 show' the relation he.tweeu thc‘ size of the ni'phridium and the 
size of tlie animal. An attempt is hcTi* made to company the siz(» of file ne])hridiuin 
w ith the body waight as well as with the cubic capacity of a single, average segment. 
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Table I gives the dimensions of a single sijgrncnt and the size of the nephridium. 
Table TI show's the relation between the Ixsly w'cight both dry and wet weight and 
the size of the nephridium. 
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It is s(‘fn that then* is a Tall in weight of tho animals comjiansl to t}a»st' h' '* o 
in tlu'ir normal hahitat, i,i\ frrsh water. The ehangc in weight ou transterenee to 
sea-water might indicate an upset of the osmotic (Mjuilihrium diu* to a change in 
th(' concc'ntration of tin* I'xternal medium resulting in water movements between 
tile Ixuly thuds and the ('xternal medium as has been m>ted in a number of animals. 
Panikkar (1941) pointed out that lA’attfler ami Palainnonvivs when 

lransft'rre<l from dilute to coneent rated sea-water sIiowimI a fall in weight whioli is 
due to the esea}K' of water to tlu' exterior. 

The irn|K)rtanee of the ue])hndia in tlie regulation of the water balance of these 
worms is indicated in the chang(*s that have been observed iit-4fe. Vakou, of 
spi'cimens acclimatised to sea-water. tSeetions prepared of specimens after a 
fortnight’s stay in sea-water show that the blood supply to the nephPiiium has 
undergone a markisl diminution as seen from the appearance of the bloo<l capillaries 
of the nephridium. This is in contrast to what is seen in the sections of^^iephridia 
of the controls which had been in fresh water. In the latter the capillaries form 
a conspicuous feature. The ampullae and the capillaries that surround the lumen 
of the nephridial canal sliow a bulged out appearance being tilled with blood. On 
the other hand, in the test animals the capillaries become shrunk and shriv'elled 
ix>ssibly to the diminished flow of blood in them (Fig. 6 and Ph.m. 3). Sdme of 
the smaller vessels do not show at all jxissibly due to complete collapse. This is 
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case in r(*gard to the vessels surrounding the distal part, of the nephridial canal 
fi'C' cH seen in the sections of the controls. The possihilily of siieli a]i apjaviraiux' 
heinis; an histological artofacjt is ruled out by the eireuinstanet' that in all the tost 
aniraals sectioned, this foatun' is invariably st'en, wlit'nas iii not a singh' .s])('eiin(Ui 
of the eoiitrols j ’-epared by an identical technitpie is a similar condition nii't uith. 



Lycastin indicfi : 

F .u. 3. A utiiiHversft sootion of tlio nephridial canal imna diutoly following Uio ftinnol. 

Fio. 4. A trauHVorao section through the ciliated part of the nepluidial canal. 

Nerei/i chilkaenais : 

Fio. 7. A section pOHHing through the b<.»dy of the ncpiiridiuni. 

F-'o. 8, Tl'O ncphridiostonie an s^cn in a longitudinal section showing tlic ciliated j)rocf)HflCH. 
Fxo. 9. A longitudinal section through the non-eiliated part of the nephridial cfinal insule the 
body of the nepliridium. 

Fio. in. A Rociion tlirough the last part of the nephridial ranni and the nephridioporc, 

Perinereuf nunlia : 

Fia. 1 1 . A section passing through the body of the nephridiurn. 

Fig, 11^. A traasve^rse section through the ciliatcKi part of the nephridial r*AnaI. 

Fio. l.'t. A longitudinal section through the wider non-ciliatod part of tho nephridial cuital. 
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Thr rf*duci*(l hUxMl supply to the nephridium in animaln afclimatised to sea-wato^ 
might in<li<<itr* that tlu* nophridia in those are ])roha}jly doing less osmotic wo k 
tfiaii in th<‘ miirnal fVwm.s liviiig in fresh water. 

(c) S^phridia of Nereis rhilkaf^JimM ; 

The nt*phridia an‘ arraiige<l in pairs in all si^gmcnts excepting a few segments 
at either end of the worm. Kach ncphridiiim lii‘s at the (‘ntraniM* to the parafiodial 
(NiA^ity lietwt en thf* v'entral cirrus and the lateral hf^rder of tin* vcTitral longitudinal 
inusf^les and has an elongated o\ al slniped l>ody made up of a mass f)f eouncctiv'c 
fissut‘ cells 'Fhe channel for the passage of the excretory tluid is a long coiled 
eamil which runs a tortuous course* in the laxly of the riephriflinm (Fig. 7), ^’he 
canal lunerges frcM* fnun the body of th<‘ nephri<lium on its ventral side and luos 
towards the body (la vity ventrolatenilly to o]x*n to the (‘.\t(‘rior 1)3' the nephridio- 
[)ore whi(di is a small o[)ening in the ventral (epidermis on tlu^ outer side of Mie 
lateral border of the ventral longitudinal muscles. I)orsall3', the iU‘phridial canal 
is (continuous with a narrow duct which runs a winding course* towards the hodv 
(*avitv w'liere it op<*ns in front of Mu* ant(*rior s('])tuin by a funnel-sha})ed 
iM*[)hrostorne (Fig. 8) whicli (carries a numbe^r of linger-shaped proc(»ss(*s along the 
(‘dge of the funia-l. 'Fhese pro(M*ss(\H are short and stumpy and mon* or h*ss r(\s(mii»h* 
those of XforiM r/ov rsiVn/o;*. Itut tJu* lip of tin* funnel is not r<*tieete(I and tlie 
tingi'r-shapcd proei'sses are eontirusl to th<* free margin of tin* funnel. Tlie (a lb’ 
of th(‘ funnel an* laigf* and \(‘sicular with p?*ornine.nt sj)heri(‘al or oval nuclei wdiieli 
(‘OTitain in addition to a de(*f)lv staining nueholus smaller nucleolar Ixalies. 'Fhc^ 
('ell boundarii'H an' not ('l(*ar and tlu' (’.ytoplasm is granular. A promiiu'nt ieatun* 
of thf'si' (cells is tin* dark staining iniu'r border wdiieh forms a lining to the funiu'l. 
Fibrillar stru<^(un‘s are eh'urly seen in tlu' cytoplasm of tlu*s(‘ (C(‘lls similar to tlu)H(‘ 
found in thi' body of the nephridium. Tin* out(*r surfaet' of tlu' funnel is ^ove'nsl 
w ith (MM'iomic epithelium In some of the preparations a few (x'lls an* S4'('n adi ('ring 
to th(' margin of ih<* funiu'l Tlu* condition is similar to that obs('rv(*d in n 
Oiigoehaetes when* su<'h have b(*en shown to he coelomic* (‘orpuscles in the nr'^'ce*'’ • of 
giving uj) the ('Xen*torv products or getting disintegit.b d cv. Ixc tinall}’ throwTi out 
to tht' ('\t(*rior through tin* nephridium (Stephi'iison, 1930). 

Tin* lirst part of th<‘ n(*])liridial ('anal leading from th(‘ funnel is of narnnv 
lumen. Tin* ('ells bonh'ring tlu' lumt'n are flattem'd, and without cilia. The 
canal on ('iiti'ring tin* laxly of tlu' nephridium is ciliatc'd for some length. Th<' 
arrangem<>nt of tlie eilia appears to var3" in different regions of this ]»«'irt of the 
Tlie la'H limits are ah.si'nt, and the nuel(*i appear at int<*rvals. After eoiling about 
within the body of tlu* lu'phridium, the ciliated part passc's into tlu* next divisum 
\vlii(*h is ('haractt'iised by llu* abs(*ncc of cilia (Fig. 0). This part of the canal is 
consideriiblv longer than the preceding division and has a wider lumen. The 
lining cells nir !arg(*r in sizt', and vacuolated, llu' e('lls an' also distinguished b\" 
a w't'll-rnarKed imu'r boundary layer which stains dark witli iron haematoxylin anc^ 
by tlu* oceurn'TU'i' of fibrillar structure's in the (*ytoplasin. Th(* (*anal leaves tlie 
body of the lu'phridiuin ventrallv and runs directly to ihtj nephridiopore wiiic^h is 
a small opening on the ventral epidermis. <^Iose t(> the nephndioptM % scoii ui 
si'ctions art* twf> large nuclei one on each side at tlu^ t(*rminal part of the nephridial 
(‘anal (Fig. Iff). Tlu* eoniu'eiive tissue whicli invests a greater part of the nephridial 
('anal ('onsists of I'l'Ils which are vacuolated. The dc'gree of va(‘tiolalion varies m 
different regions of the body of the nephridium, 

Ttie bloixl suppl 3 " to the nephridium seems to be less <h?velo|>tHl than in 
l.f/ras(!s, Bkxxi (Himes from a latt'ral branch of the ventral blood vessel, which on 
cntf'riiig the para[xxlial cavit\' gives off a bunch of tine branches w'hich further 
subdividt' and spread ov«'r the fiephridium. The blood capillaries lie betwecT^ the 
(HH'loinic epithelium and the connective tissue. The blood from the nephridium is 
returned to a lateral vessel which comes from the parapodium and joins the dorsal 
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ioilgitiidinal v'ossc'l. The Mood vtssoIk an* not only fewer hut th(‘y difler markedly 
m their pi>sitiou relativ^e to the lU'pliridial canal. The hliiuhending capillaries and 
the ampullae so well si*en in are absent in this s]H*eies. Table 1\' shows 

the size of the lu^phridiiun n‘lativ(* to that of tlu‘ segin(*nt in which it lies. 
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Comparing these value's with the corresponding ones in hym^lia it will be seen 
that the nephridium in Nerris chillcaeH.sls is sinall(*r relativ^ely to the size of tlie 
segment. The relation b<‘twe<‘ii ih<‘ size of the n(*])hridiuni and the size of the 
animal on the basis of the body wc'ight is given in Table \'. In the same table are 
given d.^ heights of the animal, AVn /.v chUkafivMi< unlike LyraMifi ivdim is not 
able to survive in fresh \\'at(*r. Aeelimatisution (?xperimentH on this Hp(*cieH sliow 
that the degree of toleranc^e to ehangc^s in tlie salinily f>f tln^ (*xt(n*nal medium is 
limited. But compared with many of its tnarine relatives, it shows a certain 
endurance to changes in the .salinity. 

(d) Nephrulia of Perinerew vniHia : 

Tlie nephridia of Pcrincreis vnnUn resemble in their lay out and general features 
of their structure those of Xf^rpi^ rhilkapnsi^. As in the latter the nephridia occur 
segmentally at the entrance to the j>arapodial cavity. Fig. II shows a section 
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through the* f)0<ly of th<‘ n«*phridiuni. It is somrvvhat oval in outline and is fornfed 
f>f a mass of corirwctiv <• tfiroiigh which fhr nephridial (-anal winds in a coriv- 

plu ated m/infirr 1'hc histological h ature^ of tlu* coiirHa tivc tissue [)re.sent a close 
amilaritv' to the coiulitKUi scon in other Nenidae. Jn tin* n<»phridial canal the 
same divjHi<»ns as wrre made out in .Vc///s r // ///.//# //.^m could Ik* s(*en. Fig. 12 shows 
a s((tJon through the ciliated jiart ot' i he tanal anil Fig. l,'l shows a section through 
the wider noM-ciliated j>art of I hi* ui-phrid/al canal The })h>od supjdy to the 
nephridmm is poorly <leVelo[M-il The deliiMte twigs of vavssels cm tlu* nepliridium 
so well .seen in rhii Luc /\ '< an- here markedly' reduced. A few small vesseks 

that an* .setui on tie* nephridnnri an.se as m the allied speeies of \( rns from a branch 
\eHscl winch supplh s the parajMsInim. ddu* hlind-ending capillaries and the 
ampulla are ahsent * 

Table \1 gives the dimensions of the body of the nepliridium relative to the 
si/.c of an av'erage scgrm nt of the animal. From the valiu s obtained it is seen that 
the si/e of the nepliridium i.s .smaller eomparerl to that of chilkwn-^is and 
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In Table \ 11 arc given tlu^ si/e 
of the animal. 


(»f the nepliridium in relation to the body waught 
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•4. roMrAUisuN OF THE Nepukuu.x. 


'rile lU'phrulia in all the three speeies examined are disposed metamerically in 
ill segiiuuits excepting a few anterior and posterior segments. In A f /cAs’ chilktievsi^i 



O. KRISHNAN: on THK NKPURimA gF NKRKIDAK IN RELATION TO HABITAT 251 


and Perimreis nuntui the nephridium is situated voiitro- laterally at the entrance 
to the parapodial caWty, >vhile in LycU'Stis imlica the lu^phridium is more centrally 
located in tlie body cavity on either side of the alimentary canal. The histoU>giral 
features of Ihi* canal and the connective tissue enveloping the canal are similar in 
all the three species. The nephrostome occupies the same position and shoMs 
similar structural details except that in l.yaistis iftdiva the margin ot* the funnel is 
reflected and pr(K‘t\sses carrying cilia arise from the reflected surface also. A 
notable diftVreiue hetueen tlu* nephridia of Lycastis iadica and of Svr*4s apart 
from size, is in regard to blotxl supply. Servis chilkaonsis shows eomparatively a 
rieht^r hhxKl supply than Peri rets uuniia, Tlie same blood vessel suj)j)li<'s the 
nephridium in Lyatstis and AV/tm hut Lyc4i^'itis dilters from the two allied speei4‘s 
ol Nereidae not only in the profuse hhxKl supply hut also in the manner of distri- 
bution of the bloixl eapillaric^s and in the presence of dilatations on some of the 
rapillaries. 'I'h(‘ j>en(‘lrat ion of capillaries into the connective tissue^ so as lo come 
in close proximity with the nephridial canal is signilicant. The part played by th(‘ 
lu^phridium in all the thn*e sjK‘cies is apparently tin* same but it appt^ars to diller 
({iiantitatively. The nephridium in Lycas({f< iudini apj)ears to be an elaboration 
of the strm*turi‘ mt^t with in Xervi-^ chilkaensi'i and J\ riNerei.< nuutia. 

Although the nephridia are similar in structure in all the three speeies, they 
show marked difllVTcnees in size. 

'Fable \‘1II gives the values of the index of volume of the nt‘j)hridium relative 
to that of the segment. Jt will he seen that the average* ratio l>etw(‘en the index 
of V7)lumc of the nephridium and that of the s(‘gment shows marked dilferenees 
in tlu* three specie's. In 'Fable IX are given the deviations from the average ratio 
and the* s(|uart‘ root e>f the deviations. 'Flu* 'students’ ‘t ’ test was applied to verify 
w'heth(*r the differenec's note'd above really exist in the* sj)ecies eu* wlu*ther they are* 
only due to variations in sampling. It was found that for Lyr/j.dis ittdiai ami 
Xt reiM ckilkaensis the value of 't' calculated from the^ observatiems made is 7 f>27 
whereas the v'^aluo oft’ at 1% level for 10 de^grees of fre(*dom is .*M00. Since the 
value obtained from the. reaelings is high<‘r it would appear that the* eiifl'erences in 
the ratio of the index volume of the segment and that of the nephridium between 
the tNvo tyjK's studied exist in the^ sjK^cie^s and are not due* to errors in sampling. 
Similarly the readings obtained for LycuMis wdiai anel Pe.rinereU vvrdia give the 
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vahu* tii I HS h :vM\ V\hilr t ’ iit I Ii v* I for H frmlom is 3-2o<> and for AVrm 

rhilku* fisis .uul nuittin tin* valiH* of t’ is odof). vSo the* liypothesis that 

fh.Ti* iiuiy *iot Im* any stn li ddli rrtn ^s in tin* ( ^^‘^jiondiHg \aliU‘S for tin* spreies 
ran Im* I’fjnOd fiotn tin- ubo' » ii ^<*rnK jiist ilia l)l(* to concludi* tliat thn 
iirphndiufu m /. //*•</ is coinparnt im*I\ large r in si/,r than that of Aereis 

.ind l**'i int n i ^ 


/). I >rM I SSION. 

"riu* dilfrn iM'rs in tin* si/n an<l Mood supply of tin* nephridia of the above three 
sprriis ol Nrn*nlin\ are signilu'anf and (an pn»l>id»ly lx* e xplained with reference 
to llanr liabitat It lias laxai seen that inti Ira tliongh found in frenh^water 

IS able to li\(‘ in waters of high salinity, rhithu'ffsi.'i shoves a more restricted 

range of disl rihut ion. If (am ^^i^hHtand a e^rtain amount of dilution of the external 
medium enabling it to thrive in luai'kish watiT, whih* Pninvrris tmntia is a purelj' 
marine speeii's 

Tin* ((Ueslion is how far tlu* differenees not(‘d in the nephridia of th(\se sj)ecies 
are related to their ahility tt> withstand variations in salinity of tin* external 
medium, 'riu' importamx' (»f exen'tory organs in enabling marine species to survive 
a lovvauang of salinity of tlu* surrounding wiiUt is sugg(‘sted by Ik'adh' (191^) from 
his (v\]K'riTnt'nts on Sf!n< din rsicolor in wliicdi eireuinstantial evidence points to 
an elimination by tlu' nephridia of a tliiid hy^xitoiiic to body Huids. In Srshella. 
pavoniua wliiiii can snr\i\e low salinity eoiulitions Kwer and EwtT (<94U) have 
shown tin* importanei* of the thoracic nephridia in osmoregulation as seeii from 
tlu' laet that whili* the normal worrn.s ngain their original weight when transferred 
to diluted nusha, those in which the thoracic nephridia havi‘ been removed failed 
to n'ctiver. In tin* light fd tin* above instanci*s it is lik(‘Iy that in Ay/m^/.v indica 
tin* iK'phridia funetion in i>s!n(»regnIation in enabling the animal to thrive in 
hraelvish and lV(‘>h water. In this connection the observation of Grobbe«u(188l) 
that the nephridia t»f fnwh water annelids are oomparatiwly larger than thos^^Pfi 
llu'ir e(|ual si/ed relati\(\s eontin<*d to the sea» appears to be signiticant. Similar 
(liffert fiees in the relative si/t s of the ant(*nnary glands of the fresh water amphipod 
iUtaiwarns pnlt r and tin* marine (hniuhartfs lf>cfh^ia have l)e(*n observed by Schwabe 
(I9.M) who correlated tin* Iarg(*r si/.t* of the gland in fn^sh water species with its 
importanee in osmor('gulation. I he significance of tlie in(*rease in size of the 
exendory organ.s in frt'sh w*at(‘r spt'cies would apjx'ar to he related to the need for 
tin* excretion of large (piantities of water entering the body along the osmotic 
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gra<lient. That the nophridia eliminate wat^»r entering tlu* body from the external 
medium is evident from the work of Bahi (ItMo) who showed that t.he urine 
produced by the t^arthworm Pheretima poathtnna wlu»n kejit in water <'ome« largely 
from the water absorbed tlirough the skin. It would appear, ihererore, tluit wlien 
marine species jHHietrate to brackisli and fresh water lhi*re is likely to be a copious 
prcKluction of urinc' due to an increased inllux of wat(u* and a large si/.ed excretory 
organ would be a<l\ antageous in the elimination of inerc'ased (|ua.nUt.ies of water 
entering the body. It. a])pears reasonable to regard the n'lulively larger si/e of the 
nephridium of l.i/cnsfi.'i indira as an tulaptalion for life in fresli and braekish water 
and the diffiTeiioes in the relative si/(*s of the nt^phridium of L//af His Xrn iiS 

chilkopyisis and Pfritirrcis lunUia may be correlated with their relative ability to 
withstand low salinity c*onditions. 

Similarly the differences in the vascularisation of the nepliridia in tlu* thn*('. 
.six'cies studied, apficar to lu^ar a relation to their habits. It is se(‘n IVoin tlu* work 
of Bahl (ItMT)) that the mechanism of excretion of the nephridium in Mu* earthworm 
is similar to that of Mu* vertebrate kkbiey involv^ing tiltrafion, l•4‘absorption and 
chemical transformation. Bicken {hKUi) has j)ointe«l out that in the craylisli and 
Ppripafns there is a ])reliminary filtration from Mu* blood to Mu- lu'jibridium, Mu* 
process being assisted by tlu^ li^'drostatic ]>ressur(‘ of tlu* blood. Tlu* aiiKamt and 
natun* of blood-supply of the nephruliiiiu in Ijt/msfis iinfini suggt-st that a filtration 
<if /lui<l might take place from tluj blood info the luim-n of Mu* iu*phridial canal. 
SiiKM* nepliridia a])peaT to be intimately associated with tlu* wafer balance it is 
probable that tlu* diff(‘r<‘iu‘es in vaseiilarisation obs(‘rv(‘(l in L/puisfis and \nris an* 
relat(*d to the adaptations nec(*s8ary to maintain an osmofht c(juilibriuni with the 
ext(‘nial medium. Lpcasfi.s wflira which normally inhabits fresli M'at(*r jirobabiy 
excndcs a relatively large*, ejuantity of water. The ri(ih(*r capillary supply t/o the 
n(*phridium Avould affonl an adv'^antageous jiixtajiosition of tlu* blood in r(*lafion 
t*o the iu*phridial canal and facilitate the ext-n’stion of large (puintities of wati*r. 
The underlying assumption is that there takt's |)hu(* a filtration of fluid from the 
blood into the luiiu*n of Mu? neiihridium. On this basis, Mu* eomparativ(*ly poor 
vas(?ularisaii()n in Xerris chilkapusis might 1 m» relat(‘d to if.s inariiu? liabitat and tlu* 
water cycle associated with such an (?nvironnu-nt. Jt would appear tlia-t in H(?a- 
water which is in osmotic e(juilibrhnn with tlu* body fluids, a smaller ((ua-ntity of 
water is excreted. This is suggested by another c-onsidc'ratifm. It has been 
observed that the Iilood suppl}" to the nephridium und(*rgoe8 a marked diminution 
when Lycaniis indica is acclimatised to 8c*a-wat(H*. 1’he condition of tlu^ blood 
supply in Perinrreis nuniia which is marine, is what might bo expeettid in thi'. light 
of the above observations. If the iiltraMon theory is assumcjd tlie rcp(*atcd 
branching of the capillaries in th(^ nephridium of Lyciv^ti^^ indicu renders the filtering 
surface extensive to facilitate a rapid and prc>fuse excretion. It has also bc<‘n s(?en 
that a feature of the blood supply to th(* nephridium in Lycfi^stis indicAi is 
tlTe dtJcurFeiice of dilatations on the capillari(?s. Although their functional 
signilicance is not clear the presence of similar stnictures in Oligochactes could be 
considered as indicating an adaptation for life in an ‘OIigocha(?te medium'. 
Between the extremes of freshwater ty^ic of nephiidium represented by Lyrnsfis 
indica and a typical marine type as seen in Pemicrcis nuntia, int<HTn(*diat(* ty[s?s 
mighj^ie expected. Such a one is seen in Nereis ckilkaensis which is a mariiu*. 
species capable of invading brackish water. 

The differences in the size and the nature and amount of blood sujiply of the 
nephridium of Lycasiis and Nereis are significant when considered in the light of 
the habits and distribution of these two genera. Nereis is essentially a marine 
genus though there are a few exceptions. The genus LycAislis comprises fourteen 
species so far known. Of these only the type species Lycasiis brevirxyrnis (recorded 
from the west coast of France) appears to be purely marine. Curiously enough 
this species has not been re-discovered. All the other known species are found in 
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.irul frt ^li vv.itf r or ^how a great toleraiico to changes in siilinity of the 
« xt«‘rnal nif <liurn. From the <listril)ution of the genus it is <*lear that the various 
Hjyi-ries ,irr (‘onliinsl to tropiral regions thus suggesting a (lose correlation l>etween 
the hahifs ol the genus ainl tin* struetural adaptations iti the nephridia as 

!ifiderhto<wl from an (‘xarniuation of l.tjrristiji indica. 

0 . Summary. 

I. 'Ha* tirplirtdia '»f *»f (rtk<'n fn»rr( wfit^Ts of (Uff'ort'nt salinitieB, 

vvi-rc' is fonnii in Umi-kish anci fi^vsh WKff*r, Nerrin rhitkafivsis in brackish 

\v(t < mt and till’ nn»l nnittut is purely iii'irino. 

Z Thi ncpliiiilia of l.yrtiMliM ihtluui lio in tho Inxly J-avity on oitbor nuio of tbo gut: thfj> 
iiro 4 tiiupanit n «^ly kuv*'** in si/f' tluin tlioHo of tho othor tuo spocios. 'Ttio nephridial cunat is 
flispou.iri m thi* f«nni of k* -ps and is l onsidorably lengthened. The vascular supply is 

[)rorioun' e<l, 'FI* fea(Mre>i in Ote hl»*o<f sufiply are: (I) the oeeiirrenef> of blood eapillaries 

within tie* f t>nneMiv4> lis^^ue. rounding the hjtuen of the distal jxirt of tla> nefiiiridial c^anal 

«ind (~) tlie pr»'s* ii> 4' of (lilatat i4*r\s of the hl4*od eapiUaries. 

li, 'rie* tiephri4ji4i t f Xerrts rhilknenniM lie at tlie cuitranio to the para[H»dial cavity. The 
hfwlv of the fK'phrahtini i.*i compio’t and smaller in si’/.e. It is fr>rni<‘<l of eonnei-t ivr* tissue tlirongli 
whi< h runs a nephralial 4 anal. 'I'la* bh'od-Nupply tc» th<' nephiirlium is not so rich as in 

t/a/Ku. ria' « a.pillat e-s lie 4>n the outahte of the ho<ly of th*' nephridiuin. 

1 'fho n4'of.ridta 4»f I** rinnrm h>/ntut ar<' • 4)inp4init ixady smallru* in sizi' than thost' of the 
other t’'o Mpet'U'H }Vt;rl tlii' riephl'idial blo4*d \«*«ae|M are J>04)f|y deVf'kuM'd. 

o. *n spcfiro 'iis 4»f L<ft'itstiM h(' 4 liinat ist^l t** sea water thi‘ blo4»d supply tt) the n«*phridiuni 
undeigM»>s a diounution as a^en ffwuii th«' shninkrm condition of Ihe blood rapillaih's td* tbr* 
iiepfuidiuiii 

fi. rh4» ri4'phridia i/f thi' (lin’o s|aM i4'H r»xarnined alMna* arf' eonipao'd and tla» variations in 
HiAtj and vascular iH4it ion urt' »lia*ussfHl in the light of flaur prtjbable ndntiou to osrnori'gulation. 
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S. KxPbANATTON OK PllOTOMK 'HOOKA IMIS. 

KlfJ. I. A Ht'ction through the body of the iiephridium of Ijfcastis itulica. 

Fio. 2. A section passing througli a diffenml plani', of i1h‘ nephiidium in l.ijvastin indivu. 

Fin. 3. A seiMion of tlm nephridium of L. i nd iat whirh has been acclimatised t<i sea water 
showing th<' comlilion of the blood eapillaries. 


!>. Key to Lettekino. 


A 

. , Dilatations of the cajiillaries. 

HP 

. . Hoiindary layi*r. 

Hl^.V 

. . Blocal vessid. 

CJL 

. . Oilia, 

(IL.PROO 

. , Ciliated {irocesai'S of th<’ nephridiostoine. 

OOKL.KP 

. . (.’oelomii* Eyiithclmin. 

EP 

. . Ectoderm. ^ 

EXT.(‘JL 

. . External eilia of Iho n(*])hri<liostome. 

F 

. . FihrilUie. 

INT.CIL 

. . IntornaJ cilia of tli(» nejdiriclioMtome. 

P.P 

. . Pip of the nephridiostoine. 

P.N.tJ 

. . Pumen of t)i<' nepliridial eanaj. 

PUF 

. . Lumen of tlie nepliridiostoino. 

N 

. . NueleiLs. 

N' 

. . Nucleus of the connective tissue cell. 

N-E.C 

. . Nephridial canal. 

NEP 

. . Nephridiopore, 

NET 

. . (kinnfwt ive t is.sue. 

WF 

. . Wall of the nephridiostome. 

V 

. , VaciielcK in the cfinnective tissue of the m^phridium. 

* Not ndVa retl to in original. 




EFFECT OF ORGANIC MANURES ON THE OXYGEN BUDGET IN 

FISH PONDS. 


By T. R. Bhaskara^, All-India Institute of Hygiene ami Public Health^ 

Calcutta. 

(Communicated by Dr. S. L. Hora, F.N.l.) 

(Received 20th January, 1052.) 

Reofl at Ifie Symposium on 'Organic versus Inorganic Manures^ 
held at Bangalore on 1st January, 1951. 

The dangers of manuring water with heavy dosf^s of sewage and other organic 
materials are not unknown to jnsciculturists. A typical instance of largo scale 
tish mortality due to over application of organic manure was witnessed by us 
recently in the Hanakhali sewage-irrigated lislu^ry near Calcutta. This provided 
an opportunity for studying the (^fiects of organic fertilisers on fish productivity in 
general and the attendant physico-chemical aspects related to sewage fisheries. 
While the results of this investigation will form the subject of a separate communi- 
cation by Mr. S. P. Basu, the main object in presenting this paper is to point out 
some of the fundamental aspeiits of the question about which wo have meagre data 
and to emphasise the iKJcd for nuxre experimental work, taking into account the 
recent advances in our knowledge in the field of watcjr sanitation. 

Oxygen is important for all life and the resourees of oxygen in the aquatic 
envuroument are indeed very limited. Tliis condition often becomes a critical 
factor in tropical ponds because of the low-^ rate of re-aeration and largo consumption 
of oxygen required for biochemical oxidation. Application of organic fertilisers 
to fish ponds should, therefore, b(^ done with due regard to tliis consideration. 
Injudicious application of organic fertiliser to water will lead to hazardous oxygen 
condition often leading to large scale mortality of fishes. 

The chief source of dissolved oxygen in the aquatic environment is the 
atmosphere and the rate of oxygenation of any body of water is dependent on the 
nature of its source and the temperature. Rapid circulation of water taking place 
in tropical ponds and lakes helps the process of re-aeration considerably. When 
there is good sunlight, the plant life in water also contributes tow^ards its oxygon 
resources. ^ The oxygen thus made available in the body of water is made use of 
by organisms for respiration. A considerable portion of the dissolved oxygen 
is also utilised for the biochemical oxidation of the organic materials present in the 
body of water as well as in the bottom sediments. A satisfactory balancing of the 
income and expenditure of oxygen within the water environment is essential for 
the sustenance of healthy fish life. Even under the most unfavourable weather 
conditions the oxygen concentration should not fall below S parts per million 
^^^gen, the minimum required for healthy fish life (U.S. Pub. Health Report, 
1943). An understanding of the oxygen transactions taking place inside the water 
body to M’-hich various organic fertilisers are added is, therefore, fundamental in 
standardising fertiliser practices. 

The nature of the oxygen transactions taking place in a pond fertilised with 
organic manures can best be discussed by considering a sjiecific instance of a small 
pond fertilised with sewage. If the pond is to sustain healthy fish life, the 
application of sewage should be limited to a dose such that the concentration of 
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oxvgi-n in \)i*' |>oniI wnti r fi<>< r' n<#t tall ta-lovv .*» p.p.m. (L' i4 r\c. pf*r litrn). Let tub 
n<»u r ,« .-njJill pornl I^m t l>y f< <‘t with an avt-ra^e (Irptli of 5 feci of 

uglier At S.» [H‘r <*<-nt -^aturalion lt*v# I, thi‘ waUr in tli(‘ pniai will hold 42 Ihis. ot 
»»\\}j;<‘n at a 1 ♦•injM‘rat un* «>l Tin- n-aii-raTion militant ni this pond may be 

a,',nnfn<d t^» havr a \{dnf' o| n <>5 pn* day at 2.“i ^ ’ (Str«atrr. Itt'iti). Ihidcr thew* 
l•*nd!tlons it tan i.t' ^how n that rt -aMi at ion will j)ro\id<‘ 2.‘> Ihs. ol oxyi'en to the 
ptaal watt-r t \^*r\ dav. 'Flir total Himaint of oxy^iu av.iilahit' lu the jiond will, 
th<r»lon*. Ik* ol tin- ofd»r of 42 ? 2:{ ho ll)s Leaving :> ( I 111 hs.) of oxygon 

in lh(‘ pond uat« i, an Lava- tio lit ttl of oxvgon availalilo for biocliemical 
oKid.ition ol (lit' or^ann* inanun* 'i’ln* application ol S4*v\ag(‘ to the pond should 
hi hnnirtl to t hi^ o\\ ;/rfi < onsuniptiorMn a sills'll day. 

44u‘ lati at hn h ov\;n‘ji is ronsiunt d lor luca'lit-niital tixidation of scwa'ge 
and oth< r or/.-mn in.i' im iolhw - \',hal the ihf iih 4 t*all> tho iiiurnolta’idar law 
('rin imnlt, llrjti). '11ns ia.v that tin- arnoinit id' oxxgtni used uji during any 

|»^-nod I- propoi I M»n.il to iia- lonconl rat ion of organic matter at tiu* l>cginning of 
tin [M-foth 'fhe liio( fieonrai owgen t onsnmptiou rate of stowage in the pond 
«-n\ II omiH-nt is ot the order of o- 1 pd- day and this r(']>r(‘scnts 25 per cent of 
hMichinmcal o\\gen eonsuinpt ion in the eourse <d‘ eacJi day. ll has Ixani shown 
that the rnaAiTniim owgi n aMulahle in a single day that ean lx* nse<l up for 
hioelx-mital oxidation of oigann iiMtter i.> MJ Ihs. from the ahov<* it would he 
Hm) 

apparent that !♦» < ™- ISI Ihs. ot sewage as lAO.lh can he, sately applied to 

tin pond. 11 this amount of sewag<’ is added to pond, the oxygen (tonsiinipiion in 
the pond will l»e as folltiws. - 


4h Ihs. 4th day . . . . 25 lbs. 

.‘lb 5t h day .. ..18 ,, 

29 „ loth dav .. .. 5-7 „ 

2othday .. .. 0-7 „ 

Alter 2tt days, a .s(‘eond do.se <d sewage may be ajiplitxl and the operation 
r« pealed periodii'a 11\ without an> ihdiuioration in the ox\ gen status of the pond. 

Kiiowiiio thc' hioelieinieal o\\i.;<*ii eonsumption rate of tin* organie mantin* 
ami I [ie ri'-aeration constant (d the hody ol water, it is possible, theredon*, to figure* 
out the dose* of organic* manure that ean l)e .safely applied to the ])ond. 
'remp<'ralure and other at mosplierie conditions do aflei t. the rate at which these 
oxygen transactions laki* place. Hut the value ed’ the rate constants can he 
corn‘eted to include these* alTects and the dosage of manure can hv determined for 
tln' actual ('onditions olitaining in ihe* pond. 

Hart fd' tlie organic luanun* .settle*^ in the bottom ed’ the* pond. The bottom 
se'dmu'Uts will also eh-mand tlie oxygen n*sourec.-* in the* water for their decom- 
position. How‘eV('i\ tin* rati* ot hiocheinical o.xidation of the* organic mfltter hi^t.he 
pond he ‘d is very low, Ixdng of thi* order of 4105 per elay and ifehtf lied is 
not vigon>usly disturbed the demands made* by tlie fx>ttorn sediments are not very 
eonsideral>U* 

Some eiata are available* in literature* em tlu* ro-ae'ration eeuil^itants of different 
bixlies ol water (Hht lps, 194S). TIu-y are as fedlows: — Small poiiels *05 to 0*1 per 
day, sluggish stre'ums ti | to 0-2 peT elay, normal streams of kov veloeuty H-3 

pe*r <lay and swift streams o :t to 0-5 per day. The* rate eoiLstant for biochi^cat* 
oxygen eonsumption <d sewage in the aquatic environmemt is kiiowm, but*a simQar 
eiata on other eirgauie fcrtilise-rs are* not available. 

Hhotexsyntlu'tie aeliviU of plants, under certain conditions, will iidd con- 
siderable amounts of oxyg(*n to tlu* pond. This is somewhat UTidepe*ndable. An 
Jippraisal of the oxygeti as.sets ee>ntribut<*d by them is not possible because we have 
knv quantitative data on the oxygen donating powvr of tlu* green plants groxving 
in water. Teio much growih e>f algae or other green plants is not desirable as they 
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\W1I us(* up irousidcrahle anumuts of oxygon from tho watt'r (iuring tho night and 
ploiidy part oi the days. More exiHMimental data on this aspect of the ])rol>lem is 
necessary l>(*fon‘ we can intelligently use algae ami green })lants as an aid in 
maintaining the oxygen halance in llsii ponds. 

Application of orgatiic manures to fish ponds alVeets the oxyg(*n balance in the 
pond environment. It manuring practices are to lu' rationalized on tlie basis of 
the oxygen re{juirem(‘nts, there is need for niore spta-ilii* data on (i) rate of 
biochemical oxygen consumption of different types of organic maniirt‘s, such as 
cow dung, sheep mannre, oil cakes, tdc., which are commonly used in lish farming 
and (ii) oxygen donating powx^r of different typos of plant associations met w'ith 
fresh waters. 


K. IJ. (lais) Jlltli. I0n^in<‘ri I, mi. 

Strortor, H. W . (laiiO). Tli<‘ ratt* <»f atino.split rif' n' lu ra1 mu nt S(\\a^«‘ slnaimB, 
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STUDIES ON CYTOCHEMISTRY OF HORMONE ACTION. 

Part XI. Thk distribution of ascorbic acid in Tim adricnad cortex 
OF normal and KSTROOEN-TRBATEl) VIGEONS. 

By Amiya B. Kah, Senior Research Fellow^ NJ.SJ,, and AsOK Gnosn, Central 
Drugs LaJjoralorij^ Oovemment of India, Calcutta. 

(Communicated by Dr. B. Mukerji, F.N.I.) 

(Uveeived June 21, 1951; read Atujust 1, 1952.) 

Introduction. 

Briftk choTnical invest igationfl are making it increasingly evident that ascorbic 
acid is intimately associatod wiili the secretion of steroid hormones by the adrenal 
cortex (Giroud and Katismamanga, 1942; Sayers ft aL, 11M5; Ludewig and Chaiiulin, 
1947; and others). Moreover, many substances including the ostrogeiiB (Masonyi, 
19.‘1(); Mlinko, 19118) and the ACTH (Sayers ef a.L, 1940) arc now known to reduce 
tlio adnuio-oortioal ascorbic^ aeid. It is believed that this reduction in ascorbic 
acid level reflects tlui inability of the cortical cells to synthesise steroid hormones 
(I)(*ane and Morse, 1948). Sayers and Sayers (1948) also r€*gard the ascorbic acid 
level as an useful indicator of the secretory activities of the adrenal cortex. The 
import ant role of this vitamin in the adreno-cortical physiology therefore, appears 
to b(^ Well r(‘eognised and in view of this wo decided to investigate cytochemically 
the dist ribution of ascorbic acid in the adrenal cortex, using not only normal animals 
l>ut fvlso aTiimals that had been treated Avith estrogenic hormone. The pigeon 
serve d as our anim/d of choice' since^ thc^ cytochemical demonstration of ascorbic 
acid in the iidrenal (rortex of this species has not hitherto been reported. 

In the mammalian adrenal cortex, cytoch(‘niicaI studies have revealed that 
larg(‘ quantities of ascorbic ac'id uniformly occur in the cells of the fasciculata and 
the reticularis but is either absent or present in small quantities in the glomerular 
zone (Gough and Zilva, J93‘l; Bemey el ah, 1994; Bourne, 1994 and 1995; Westc'T- 
gaard, 1994; Giroud and Leblond, 1995a and b, 1996; Lcblond and Gardner, 1938; 
Barnett and Bournt*, 1940; Tu))a el aL, 1946; Deane and Morse, 1948). 

Experimental Procedure. 

/ '^ult pigeons were used in this study. A total of 12 birds were used of which 
6 were injeett'd with estrogen and the remaining 6 were h^ft uninjected to servo as 
the controls. All of the birds were kept in cages under uniform husbandry 
conditions throughout the duration of the experimental period. Estradiol 
dil)ropionate in sterile sesame oil was intramuscularly injected (2*5 mgm. or 25,990 
dipropionate units daily) for a period of 10 days. The sites of injection alternated 
.MAiicessive days between the right and left sides of the breast. 

Autopsy followed 24 hours after the final injections. The animals were killed 
by a blow on the head in order to allow least possible ante-mortem trauma to the 
adrenal. The glands were fixed and processed accordiug to the technique of Deane 
and Morse (1948) for the demonstration of ascorbic acid. The details of the 
technique as laid doAATi by these authors were followed meticulously and only 69 
seconds were allowed to elapse between killing an animal and placing the adrenal 
in the fixative. In order to make a critical observation of the silvered deposits 
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si^iiil vifii^ ;i n dn^ iiij' siibstaiU'c of similar arti\it\. utt ('<»uiit< i*siaii> 

vva.-i tiMrd w < m»ns vs. n- v <li ul<-<l an<l fru>unU*^l in »h< rnainuT. 

liKsri/rs, 

--Ht fon- j>ns«*nting our observations on the distribution of ascorbic 
;u i<l in thr adrnnal rort<‘V, vv'e proi)ose to make a brief comment on the 

rnu ruscopK ui'^^iin^at ton o{ Uie avian aclrenal corti'X sinc<* it differs in many resj>eeis 
horn that ol the rnanunalian cortex. In tluse animals the cortical tissue is found 
I lironj.d»out 1 h' j^laral in cdamls and arnastoinosing strands intersj>erse<l witli groups 
of rnednilaf v < '!'hc <orti<Ml rnas.ses are usually larger at th(‘ periphery than 

in t h(* centre ot i he gland, lifl.uccn the strands of cortical and medullary tissuv 
i-^ an infrnntc mtwork ol capillarie.s. The detailed cytological and eytoeliemical 
ti atuns of )fH‘ a\ian adrenal cirrtex have lu'cn deseriberl in papiTs by Miller and 
Kiddle hv Kar Mni7 n and />, lhr»0, lOol). 

Following ».\,ition \Mib tlie ai-id silver nitrate-alcohol solution granules of 
pre( ipitalf'd aivri indnating a.^iorbie acid <»r reducing activity as gicat as that of 
as(M»rbi( a( id aie (oieasfentlv eneoiintere<l in the (cytoplasm of the cortical (*ells 
'fhe gramii* s are al.M nt in the tuK'hd and tlieir cytoplasmic distribution appiairs 
to be irregnl.»r (Kl. XI, l/g. I ). In addition tr> their intracellular location, the sihaa' 
preeipilale^ a !,-><» oeenr in tin- vascular sinusoids. The granuh*s an* nioslly in’(*giilar 
in out Inn .and apjieai fairly erovvded in the cortical masses. The distribution of the 
.silvertMl p.irlK'Irs in the peripheral and central cortical inass(‘s are more or l(*ss 
tinifiaun. 

/vs'/zo-ea - 1’h<‘re is a ({('linitt* raaluetion in the amount of reiliKasl silver 

in the ef>rt<*\ of t lie i strogen rei i jiient s. Howes tT, th(* gross pattern of distrihution 
oi the particles remains tlu‘ same as in the controls. The siKenal graiiuh's appear 
much finer ami eonsi<lrral>ly sparser than in tin* controls (PI. \l, lig. 2). In sonu* 
(‘ortieal la-lls onl\ a lew ])ar(ieles are (uusiuntered. Tluaa* is also a inarkc'd loss of 
the preeipitate(l silver fjorn the \ast*u!ar sinusoids. 

t '<»M MKNTAHY. 

'I’he presriit studies have imlieated clearly tliat ascorbic acid (or reducing 
substance ol similar .uhvif v) i-. normally pre.s<‘nt in lh<‘ jiarenehymal cells of th(‘ 
pig(*oM s .nin nal eortev 'rre.itment with t‘.st rogiuiie hormoia* considerably dejiletcs 
eortii’.il .isi'orl>i( .unj lev'rl i )ur eytoeliemical lindings, thcridore, appear to lie in 
agreemmt nilli thi- elu-mieai ohservat iiai.s f>f .Mosonyi (llKh>) and Mlinko (19II8) 
who re))(»rte<l a sunilar h^s ot asrorbie arid fiaun the adrenal ca>rtcx aft it estrogen 
tiM'atment. Moo-o\ r. m the light of tin* eurnuit eoiu'ejit that the decline in 
a8<*orl»ie ai’iil h'\« l o, avson.ih d ujih tin* inal»ilitv of the cortical cells to synthes'«c 
ster<M<l h«>rnn»n« v il)(an( am! Mors*-. lOhS), it wouhl apjicar that estrogen tr*'*' ...v..! 
(‘onslilerahly aneelcfl -.toroid hormone production in the pigeoiPs adrenal cortex. 
Houf’ver, \\<' ventuf;' to make* I his speiailat ion with eonsidiTahle r(‘S(*rvation, since 
according t«> Savors ami Savt rs (lUlS), it lias not been pos.sible yet to decipher the 
precise role tliis \ itamin |)Ia vs in tin* .series of reactions leading to the transformation 
of eholeslerol into eortieal liormone(.s). In this eonneetion, Lowenstein and 
Zvvemer’s unconfirmed report { PHb) that the cortical steroid may exist 
(‘onjugate of ascorbii* acid appi'ars to be suggestive, but until confirmation of this 
ttiuUng is av'ailabh' it would be unw ise to s^K^culate on its significance*. 


Si mmaky. 

Fho distrihution ot i\.s<orl)if arid law studied ev toehemicolly in the ndn-nnl eortox of 
t \o pK^eon tre.itiiient < onsid»Tnl»h- dey»letej> adreno-r ort i< nj a.sr f^Hiie arid The 

siuTnitieauee «>f i }\is vitntuinir tlepletion is tlis* us-.ed. 



K \ K ( 


Proc Xat. liist Sfi hitlia. Vo\ \\ 111, rialt' \1 



(,!// fnfurcs firr jtJmtom irnffjm j/hs ttufi arc /mii/tnjH tl , 7(W)). 

Ffo; 1. Srrtion tliroijtrli tlio julirn>jl irlninl a r X«»tc th** i ihut ion of 

nsf orl>i< iM i<l in t fii‘ form of <l>t» k 

2. Snfti.>n (hrouL'Ii flio tulron.il iihttnl of an roj/cn tnniod piv* on. A.foil»K* jk id is 
iii,,rkrdl\ M du' orl in {unouiit. ddio a}>posir finor ami hjiaia-r thaii jn t|j<* 

r< d animals. 
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A NOTE ON THE RELATION [BETWEEN .\rAXIMUM PRESSURE 
AND SHOT-START-PRESSURE. 

By N. S. Venkatesa^i, Defence Science Organisation, ^^inistry of Defence, 

Xew Delhi. 

(Communicated by Dr. R. S. Varma, P.N.J.) 

(Received Augiist 30th, 1951 \ read January I, 1952,) 

1. Introduction. 

The throe main problems of Internal Ballistics are to obtain, for given loading 
conditions in a gun, (i) the pressure-space curve, (ii) th(‘ maximum prcssuro, and 
(iii) the muzzle velocity. The pressure-space* curves is mainly used in designing 
tin* gun and is not usually required vtTy accurat.(*ly, since factors of safcity 
arc applied in the calculation of gun-stresses. The* maximum pressure and the 
muzzle velocity arc generally recpiirc^d to a gri‘ai(‘r degrtK* of accuracy. Various 
methods have been devised for tin* integration of the equat ions of int(*rnal ballistics 
so as to produce solutions which may be tabulat(*d. Om* of tin* points of difference 
between the several methods relates to the nature of the initial (K)nditions. 
The shot does not b(*gin to move immediately after th(^ ignition of the charge ; 
initially the charge burns under closed vesst*! conditions and th(^ pressure risers 
until it is suflBcieiit to cause* the driving band to be (uigrav(*d by the rifling. 
Since the velocity of th(* shot and tin* incrcasi*, in chamber capacity during 
tin*, engraving are small, it is a reasonabb* idealisation to assunn? that the 
shot remains at rest until th(*. pressure n^aehes a e(*rtain value (th(*> ‘shot-start- 
pressun?’). This is the basw of the Hunt-IIinds system (19/51) of which a slightly 
different version was giv(*n subsequently by Goldie (Corner, 1 9r)( >) . Not much physic- 
al significance can be attached to tln^ shot-start-pressurc* ; it represents merely 
one way of simplifying the mathematical treatm(‘nt of the otherwisi* complex 
process of band engraving and also (in some methods of approximation) the 
effect of bore resistance on the shot. In fact, ther(i arc systems of intenial 
ballistics which ignore the shot-start-prcssurc altogether and take account of 
the resistance due to band engraving by adjusting suitably tin* rate of burning. 
The value of the shot-start-pressurc is usually of the order of 2 tons/sq, in., 
heat loss and frictional resistance to motion are otherwise allowed for. 

. illk; integration of the equations of internal ballistics in their general form, 
even wiuii certain simplifying assumptions as explained above, is a matter of 
considerable difficulty, involving in general a process of step-by-step numerical 
solution or the use of a differential analyser. With a view to gain some? insight 
into the effect of shot-start-pressure on the maximum pressure, we consider in 
this paper the problem under certain further simplifying assumptions, which enable 
tb?. ^^.^aations to be solved easily without, however, sacrificing the essential 
features of the general case. The following assumptions are made : — 

(i) We take = 0. 

(ii) We neglect covolume correction, i.e. R — 0. 

The first assumption implies that the propellant is tubular, which is the form 
most commonly used ♦. The second assumption is equivalent to assuming that 

♦ There is a decided advantage in using tube or multi -tube propellantfl, since this 
enables a reduction in maximum pressure with only a small reduction in muzzle velocity. 
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ih*‘ rov'olurnf wf thf I'a-n >< ( th<^ n-ciproeal of the dt'iisity of the solid 

prMprilaril ih gi ju rallv tno* f at high dt iisitieH of loading. 

With thf,.*' anriuiript io?m, Uk* ffjuations have b<*on solved and an explicit 
<'X(ir«'Ssioii for tho rotation ia twoin the maximum pressure and shot-start-pressure 
Ini- hron d« riv^od 


2. Basic KQirATiONS. 

1 ’he e<puit lon^s for dohrmining tho vnrious l)allisti<‘ quantities such as 
tin maximum pn -.Miiro, tin* muzzl** vrhxity* [K»sition of ‘burnt’, etc., are the 
following : - 

(1) I'^M-rgy Kquation. 

(11) Dynamioal Kqu^tioii (Motion of the shot). 

(iii) Kqiiation for rat#‘ of burning. 

(iv) K.\pre^-ion f<»r the form function 


(i) A'/n /f/y Iiffn/ifii>n, 


Thi^ t quation dimply the expn-s'^ion of the principle of Conservation (if 
Km rgy : tie '^inn tniul (»t (he r.oergies useful (K.K. t)f sliot) and wasted 
(tle rmal anti iNim tie t m igN <»! gas^-.s, heat lo'>s to barreb t‘te.) must lx* equal 
to (lie t'hemieal en» igv ol I in prt»])e!lant . With any propellant an* associated 
two eonslants. ' iz tlc' foree-eonstant F a.nd tht' ratio of th(‘ spi^cilie 
ht'al s y : — 

F ^ ffJiTa 

y— 1 nlljJox 

wht‘r(‘ /’o l<'mpt‘ra(ur<‘ (in degn'e.-; absolui(‘) at whieh ga.sf‘s an‘ evolved. 

F uinversal gas eonstant. 

\l<) inoU'cuIar wiuglit. 

./ - !u<M*lianieal (‘({uivalent <»f heat, 

(7^ spiMafp lieat at eonstant volume. 


Tlni.s Ja 


F 

y ! 


is th<‘ energy availalile from a unit mass of propellant. Tf 


r be the mass of tln' tt>tal eliargt' an«l : the fraction of charge hurnt at any time, 
tlu' amount t»f ♦mt'igy supplitnl to the gun is 


F( ':/ty — 1). 

On lilt' other hand, we hav(' — 

K met ie mit'rgy of shot = 
Thermal energy of gase.s == 

(T \n the mean tem|xwature of gas<'s.) 
and fln' Kinetic energy of gasc^s 


♦ Tn tins, wo a.‘<snm«\ ms a n^asonabh* approximation, ttiat tho vt^looity 
at any point is pruptfr! lonal t<» thr’ (lestanee fnim tho hresvh : 


Tlem e. if p IS th*‘ m<'a?i and .1 is the oross-s'vtional nnvi of the hon^ the K.E. of 

f * • jr» 

gaftew .1 I tfi. (fjc ~ |.tp .A** — - 

J 0 

Bui ginee this its»df ig a oorreeti.>n term, we t*ike j rr- I and the K,E. of tho gag^^ - JCr* 
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The loss due to frictional resistance is taken as 4% of the K.K. of the shot and 
the heat loss to the barrel as 2% tliercof. 

Thus we have 

^ =y«7.rr:+j«v-2 («) 

y — J 

w’here u’l = l‘bOM’+|C. 

The Noble- Abel eciuation «)f state ap[)liod to tlie gas in the eliamber gives 


,,/e-/ ,2, 

wh^re P = mean pressure in the chamber. 

A'o = oha.ml)er capacity. 

S s density of solid propellant 
h aa eovolumo. 

If we write 



and (eliminate T l>etween (1) and (2) W(* get 


F( t 

TTT 




f4) 


(ii) The Difnofnirftl Eqattfiav, 

This is obtained by appl^ying XeMi^on’s Second haw' to the motion of the shot : 


•w. r r= J 

ffr 




fiii) EffVfftion af Raie of Hurvinq, 

TJere 1) is tlie ‘welt-size’ or the least dimeiision of the, propellant grain and 
/•the uaction thereof remaining unburnt at time t. The exponent a is 
usually not far from unity. By adjusting j8'. wc may put a — I (linear rate 
of burning) : 

" s = 


(iv) Eqyntiov for the form fnnetiov. 

Asauming parallel law of burning and aimultaneous ignition over all the 
burning surface, we can write, for most of the propellants in service use, 

2 = ( 1 -/)( 1 + 6 >/) ( 7 ) 

where 6 is a constant depending on the shape of the propellant grain. 



N s venkatksan: a note on the relation between 


3. Solution of the Equations. 

We firnf expreHH our f‘< {nations in terms of nMn dimensional variables by 
the folloiV'iiig usual HubstittitioiiH : — 


^ F( 


With these our (Mjuations berorno : 



. . (9) 

ur 



.. (I(») 



.. (11) 

■; =(l -/ifl+r; 

.. (IL>) 

W'c (Kivv uitrixliiic (h(> ;i.sHiini|iti<iris : 


0 (1 ; />' = 0 

(i:j) 

mitiiil condit i<tus lit tlto '<li<>t-s1>irt arc 


f = 1 ; ,,=(»; C == ^0 •- » - ’o • • 

.. (14) 

From (lb w<* H<*<* that 


0 = Co« 

. . (If)) 

so tfiat "q itself is a nuvisure of the shot -start |»rcs8ure. 
tlu» e({Uations (0)~-(ll!) Im'< onie : 

IntnHlucins' (I’l), 

■ ■ K+''ryll-. 

(T) 

>n ^ ■> j|- 

ILJ' 

t •'> 

^ 

. . (ITT) 



. . (IV) 

From (II), (111) and (IV) we obtain : 


ri 

. . (Ifi) 


Substitution of this in (I) yields 




( 17 ) 
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whence, integrating and using the initial conditions, wo get 

1 




1 

y-1 

s 

K(r~ 1) 

1 = 2Jij^ 






K -i-ij- 


y-1 


A — »)+ 


y-lj 


KW-l) 


SO that, from (II), (17) and (V), we have 


j^2J/..o+2,,-(y-l),*J’' ' 


with Aj! 


I 


K- 


1 


> A« 


I 


a:+ 


j 


y—l y— 1 

The exi)rc88i<*n (VI) lor ( can also l>*: written )io 

r ]_ 'iMzf^+2r)-(y—\)ri^ 

^ 2M- ^ 

For maxituuiii presHure, ^ =0, and from (18) this gives 

dyj 

I 

Hence, 

Maximum pressure Cj= — 2Mf 


(V) 


(VI) 


(18) 


(19) 


(20) 


where is given by (V), by putting 

By using the fact that is small and expanding all the quantities in power 
of Jo, we obtain, after some tedious algebra, the following expansion for {j : 


lx 






X 1^1+20 j M log 6o-^ j + i|*| (log 6o)*-3J/s(y-l) log *o+ 


Oo'«y 2o'i > 

(y-1)® y-ij^ 


(VII) 
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where 



|y2.^f;y fj. 

a. ^ - ^ ^ . // 

2(y+l}J I’fi 

>» 

A- . 

“ .1/(y+l) 

liy fni afis <»j ihr rxpro.uiofi i\'Il), vm1h**h of (mh l>r tahuiatf.'d against values 
<>i 0 A ‘louiilr rnt.n f Hl)lr \vorkf‘d out thus is ^ivfii l>elo\v. Tin* vaiM(‘H 

<>l M hikI f, an* chtirt' Ji ith a vn*\v t<» u'hal is actiiiilly olitaincd in j)ractJ( c 
It inuHt l>r that th<H^ in a lifiiitatiou on tin* wainr o( M . At the* position of 

maximum pn .ssun', 

Vi - o)* 


MM, 111! , 

Nitu* ;j<l, \v(‘ must hav'e* 


or, 


yT/+«< 


I 


M > 


1 

yd --o) 


’Pile valiifH of U ( lioscii here Hiitmly thi.s eoiulitioH Fur values of M less than 
this value, the ma\ pressure oeeiirs at ’all hiiiut' f)usitk»n. 


X .1/ 

0 

1 

2 

3 j 

4 

5 

nun 

tetuh!) 

U loott 

u i()3;{ 

0O77o 

()-0620 

t»t»2 

u;m70 

1 

u issm 

0 i:{(i8 

U Kdu 

rrosij^ 

ii'u;t 

ti aeib 

(••2uo2 

t> 145(1 

0 1167 

(10996 

Old 

o-aTOH 

t> 2t»79 

0 

0 1290 

(tll((8 

c « 

tt-ttr) 

1 

0-3928 

0*224:t 

ti inott 

It 1385 

u 1228 


A j'lanee at the table .shows that the maximum pressure increases as the 
slu*t-st art-pressure increases but decrease's as M increases. It wilt be seen that 
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an increase in M can be effected bj increasing .1 nr D nr deen'asing ft P 
or (\ but we must take care that in making such ehatigc's, the muzzle velocity 
is not adversely affected. 

I am grateful to Dr. D. S. Knthari. Seientilii’ Adviser to the Ministry 
of Defence, for hi.s intjre.st in this work and tor according permission to 
{mblish this papir. My thanks are also due to Dr. R. S. Varma and Mr. 
V. R. Thiruvenkalaehar for advitv- and help in the preparation of this paper. 

.Summary. 

tliD cnv'DluifD* cori'Dft ion anti faking (h*‘ projK'lluijii l<> hr Inliul/ir, Hid oquafionK 
o*f tiiD intt^rior ImllistD .s of a t'oavt'ni.iniial iin* iiUt^j^rah d .intl iin oxplicil roliUioii Ix'twDifn 
tho miixinmni jnr.vsun* nnd Hid flltol sMirt is liorivod. TId* viirkiMon ol iniiximum 
proi^Hun* with sliot-sturt pressuro and tho rontial piiianD'l<tr in ilha.st niU'd l)y 

tablo of niirnt‘rifal valut's dorivf d from tho aljovo solution. 

Ukkkkk^cks. 

Cornor, (lOul). rnforiMl HiillisI it s, 1 , If.M. SfuUonrry Odi^ o, Lftnrl<»n. 

„ — -(196t»). Tlusirv of (ho intorior Imllistios of ^^uns, Now York. 




STUDIES ON SOUTH INDIAN FUSARIA. 


f. Fusarium vasinfeotum Atk., with a note on its vahikties and forms. 

By C. W SuRRAMANlAN, V nivemity Botany Laboraiory, 

(Commuiiicated by Dr. M. O. P. Iyengar, F.N.I.) 

(Rcmived July 25 ; read October 5, 195L) 

During a study o! the wilt disease of cotton in Soutli India the author was 
able to isolate from wiltcal cotton plants and from ‘wilt-sick' soil a large number of 
I<\isaria wliic^h reijuired identification. IVeliminary work indicated that a number 
of these isolates belonging to the section lUeyaus appeared t(> be identical with 
Fnmriinn vasinjWttnn Atk. or its varieties or forms as set forth in the elassifu^ation 
of Wolli^nw'i'ber and Keinking (19I15). [Snyder and Hanson s proposals (Snyder and 
Hansiui, MDO) have many difficulties in the way of their geiUTal acceptance.] 
Detailed study, however, was necessary to settle the identity of the various isolates. 
Uepresentative isolates from soils and wdlted cotton plants were therefore^ con)pared 
with cultures of t\ vadnfectnin and its varieties and forms obtained from the 
Centraal bureau voor Sehimrnelcultures, Baarn, Holland. 

Comparisons made between the author’s isolates and those obtained from 
Baarn were in r(*spect of the following: (i) morphology, mainly spore shape, size, 
etc.; (ii) cultural characters, mainly colour; (iii) growHi rate in standard media; 
and (iv) pathogenicity to cotton plants. I’he results form the subject matter of 
the present communication. 

. Methods. 

Altogether seven rei)resentative single spore isolat(^H were chosen for the 
present investigation. Of these, S 7 and S 21 were isolated by th(^ author from 
‘wilt-sick’ cotton soil from Udamalpet (('oimbatore District, Madras State) using 
the root burial technique (Subramanian, 1946); 8 17, S 19, S 20A, S 20B and 8 20C 
w^ere from vascular systems of wilted cotton jdants collected from Udamalpet. 
The following cultures obtained from the Centraal bureau voor Schimmelcultures 
were also included for purposes of comparison: Famriu7n vcotinfexiian , F, vamn- 
fexUvm f.1, F. vasinfeotum f.2, F, vasinfecturn v. lutiiUUuni^ F, vasmfectum v. zonatmn^ 
R vnMnfectum v. zonaturn f.l, and F. vasmfectum v. zonatnm f.2. 

Standard mycological technique was employed tliroughout the investigation. 

The need for using a number of different media in studies on the genus 
Fusarium, has been emphasised by many workers. The object of this recommend- 
ation is primarily to bring isolates, where necessary, to a state of ‘ hochkultur ’ 
suitable for study. No difficulty was experienced in bringing the present isolates 
to a state of ‘hochkultur’ since all of them sporulatcd satisfactorily on oatmeal 
agar. This medium was therefore used to study spore shape and size in the case 
of the various isolates. Steamed rice prepared according to Leonian (1929) was 
used td * ascertain colour production by the various isolates. In recording 
observations on colour, Maerz and Paul’s (1930) ‘Dictionary of Color’ was used. 
The numbers used in Tables 2 and 3 refer to the numerical designations attached 
to different colours in Maerz and Paul’s Color charts. 

Methods followed in pathogenicity tests were as follows : the inoculum in each 
case consisted of the fungus grown for four weeks in sterilised garden soil + 2% 
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n (^unkM oats + nuxlifud Shive’s* solution. Iiiooulum was mixed with 
fnirti/tily sD rjiivd garcU n soil (saturatum capacity %) in the proportion of 
and rsn g. <d the mixture wen- u<‘ighed into each pot. Ck)ntrol pots had 
tttenli.Md garden -oil 2% powdered Quaker oats mrxlified Shiv^e’s solution, 
without an\ fungus, mixerl with partially sferiliserl garden soil in the proportion of 
|0'V,j. Seeds of suse<‘ptihle K. 2 variety of <-otton (/Awy/y/?//a arhoreum v. ncgleclum 
\. ifnltnf) were .^ow'ii hix per j)<>t after didint ing with concentrated sulphuric acid 
and siufae(‘ sterilihation with 1/1 ,<hh> a<|Ueous mercuric chloride. There were 
twenty liVi- such pots lor each isolate. Moisture level of soils in pots was main- 
taineci appi oxinnitfd^" at oo f>o % of saturation caj)acity. Plants w'ere imder 
ohsi-rval ion for ov(T nine weeks. Infected plants wtu'e plated out on acidified 
potato (h‘\tfMMe agar and the fungi gnuving out compared with the isolates used 
for inrvulation iii (?aeh ease. 

KKSi'i/rs. 

(Did ( 'ultinal ( haraclf r.^, 

( )hsrrvjit ions n garding the formation of spororloidiia, pioniiotes, sclerotia, 
rte. l»v the isolates studied in lour difiePi-nt nuslia, vi/., oatm(*al agar, potato 
de\tros4‘ <igar. sterilised pigeon pea st( ms and steamed riot- at two temi^ratnres 
(2tt and ;tj«. given l)eij»w : - 

(1 ) 'rvpie.d sp<in)d(»( Ida were piodueed only l»y isolates S 7 , S 2 oB and eultures 
ol b\ ('(t ( ! u ffi V. hit»'lnti,ih and i' v<i'^ntftcft(n> v. zauntum f.l. 

(2) Ad isolali.*^ and eullui^'- .-studied devido^Hsl pioniiotes on oatmeal agar. 

FUSARIUM VASINFECTUM Atk. 
author's isolates 




Tkxt-fio. 1 . 


• MtuiltuH Siuve’s vontornhH to the folKwwng 8po<'iticatioa: prepared accordmg 

McL«‘iin and Cook (1941) with addition of 1-0% sugar. ^ 


dB 
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Measurements refer to the diameter. 



Showu>^j rjilt'^r a chfiriaK'- ‘^ohutd <.-f F ua^irv 
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(3) Steamed rice was most snitahlo for formation of sclorotia. The only 
isolates wliich produced these were S 17 and S 2D A and the (*ulture of t\ vasinffTium 
V. zonatuvi f.2. 

(4) There was no constancy in th<‘ matter of produetion of at^rial mycrlinm or 
a stroma. Growth ot all isolates was somewhat e<.>ttony A\ith white mycelitim on 
sterilised pigeon pea sterns. Aerial mycelium develojud to some exti^nt on potato 
dextrose agar, while on oatmeal agar development oi* aerial tnycvlium was j>oor or 
none at all. 

(5) Development of stroma w^as good particularly on steamed rice. Stromatie 
colour consisted of pink to vdolet shades in all isolatc's atul (‘ullures except 
F, va^infectiun v. zomUnw f.i. In the ease of th<' latter stron\a was straw or cream 
cojoured. 

Study of spore shape, size, etc. was eoniined to tli(» author’s isolat(‘s since it 
•w’^as considered superfluous to gather such data relating to the ideiitilled cultures 
ill vuew^ ol the illusfrat(*d descriptions of these* alrt‘iuly a.vailal»l(‘ (Wolhuns t‘l)(*r and 
Reiuking, 1935), and mon* csjH‘cialIy in so far as no signiJicant dilferenc<‘s in spore 
size between F, ra^^iNjrcitnn^ its varit'ties and forms is evident from tlic descriptions 

Tablk 3. 

Sfiotvintj colour rc(u:tiov(t of FiiHnrium vaninf^rluin, itit rarirtUs a>}({ Jonnn, tnul nnlhor^H iHoUUca 

to acid and alkali. 


Culture or isolato. 

1 loau't ions 1 < > 

Arid. j .\ikali. 

Fumriurn ntsinjcctum 

Cnislii’d litiiry 
(i i<’ 1 

Quakor bliU' 

40 10 r> 

F. vafiinfecti(7H v. Lutulatmn 

Araby 

4 Cn 10 

Hrttlii grey 

37 G J 

F. vam^Jectniti f.l 

Araby 
i U ir, 

Hathi gray 

37 C 1 

F. vaninjcctuin f.2 

A rally 
•t G 10 

Hiiilii ({•••’y 

:n c 1 

F. vasiri/ectifm v. zonatuvi 

Man VO roso 

7 JO 5 

Quakor bluo 

40 10 5 

F, vasinfecturn v. zonutinn f. 1 

No i'liango 

Ko cliango 

F. vasinfecturn v. zonalum f.2 

Tango J^k. 

3 ,J 8 

Kiivy bind 
■ 40 K 1 1 

S7 

ColtiTiial row 
t J 8 

Ntivy 3 

40 A 10 

S 17 

Holly borry 

4 L 10 

Navy blue 

40 iO 1 1 

S 10 

Holly hf‘rry 

4 L 10 

Midnight 

40 A' 8 

S20A 

Colonial rose 

418 

Light wadgewood 
37 A 7 

S.?0U 

Livid V. 

4 G 1 

1 Ensign 

40 J 12 

8 20C 

Clove Pk. 

6K5 

Olarior bluo 

39 H 7 

8 21 

SaraV>and 

0 K 8 

Quakc^^ blue 

40 E 5 
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of VVi)ll<*nw’t l><;r and Re inking. Data on spore size of the author’s isolates are 
tuhulat^^d in Table 1. Spore shape in the case of the author's isolates is illustrated 
by car/it^ra luci<la drawings in Text-fig. 1. 

All isolalt s pro<Iuced micrrKouidia in abuiulanci.* and those were home in false 
la uds. They were also found along with macroconidia in slimy masses ^vliich were 
itivariably <if a cream colour. Microcoiiidia were mostly one-celled, ovoid to 
rf*nirorm. Macroi-onidia wen^ typically tliin-wulled, dorsiventral, falcatt?, 1-3- 
Mrpt.'ite, often eonstricted and al^niptly curv'etl at the ajK^x, irsvstly pe(.licellate at 
base. Both terininiil as well as intercalary ehlamydospores were j)roduced by all 
isolates a.nd eultiirt^s arid there was little dilfen^nce in their shape or size. 

('onsideratiou of coiiidial shajx' and sizi* indicate little diflerences between the 
isolates studied. Finrther, eoniparison would indieate strikiiig similarity of the 
prf‘S<‘iit isolates to Fft-'^an^nn Ze/rr/// /a and its varieties and forms (see Wolleii- 
U(‘berand Keinking, WKWi). 

i'uJonr Prf^f} nrlh)t> : For studying colour pnKluotion })y tlu* various isolates 
and cultures, sfiarned riet‘ in test tubes was used. Th(» inoculated cultures were 
incuba,i,r<l at 3o*'( \ and records of colour, etc. WfTe made at the end of ID, 21 and 
3D d^^v^. ’file colour dat.M af<^ jiri'sentcd in detail (Table 2) since it is (Muisidered 
(bat tiu V ar<‘ im[)orlanl. It will be that all isolates and cultures except F. 

I rtn m -iHiiiftnn f I d(‘vel<»p<‘d pink colours; the culture of F. ca^sinff cf.tnn v. 

'.(imtliint r.l, however, developed pale <lull colour, (‘.g., straw (‘oloiir. 

To/oer nurflotis /o an'if dm/ dikali: Reactions of cultures and isolates to acid 
and alL'ili were asfertained l>v ad<lition of acid (dilute hydrochloric acid added in 
drop.v^' in .suftii ii nt (juantitv) or alkali (2% KOll solution similarly added in drops) 
tn flays’ old lultures on .Mteamed rice. The results are presented in Table 3. 
It was foiiiHl that the colour reactions to acid as well as alkali W(T(‘ very similar in 
thf' ease of all ist>lat('s and cultures <'X<H*pt that of F, rasifffrcluvi v. zona/dm f . I 
ufueh was not a-rteeted by afldition of eitluT acid or alkali. Jn tht» cast' of all otluT 
isolah‘s and <‘ultures, colour on addition of acid was some shade of j)iuk or red, and 
tliat on addition of alkali was some sluuh' of blue. TIktc Avere, however, minor 
variations in tin* intfuisity of the pink and red or blue shades between (lu*se isolates 
and cultures. 


Tabi,k 4 . 

Showm(j rnU' nf {jrou'th {•fhimtdrr in mm. of colony) of FufUirium v’asinFerf nni, ?/,v varieties and forms ^ 
and author's isvlatrs on ynfato dextrose ayar at room te}nperoivrv 


Days. 


I ’iiIt uh’ i.s«.latr. 



o 

3 

4 

5 

ti 

7 

S 

ft* 

fust^rittni vasinfrrtunt 

20 

41 

55 

71 

85 




Jt\ nufinftetum v. lutuhtinm 

23 

34 

43 

56 

07 

78 

90 


f. vasinft'Ctufn f . 1 

Ift 

25 

31 

38 

43 

5 f> 

56 

oi 

^fiisitifectUfn f.ti 

26 

42 

57 

75 

8 ft 




F. i^isiffeetotn v. zonamm 

22 

38 

51 

67 

78 

95 



F. iHhsinft'etum v. zonatnm f . 1 

23 

37 

50 

66 

7 ft 




F. t^isififectutn v. zonatum i'.Z 

26 

41 

58 

75 

88 




H 7 . . 

13 

2 ! 

28 

41 

50 

5 ft 

. 65 

7 i 

S 17 . . 

19 

27 

34 

44 

56 

63 

72 

82 

Sift.. 

20 

28 

37 

49 

59 

71 

78 

87 

S 20 A . . 

21 

33 

42 

53 

63 

74 

84 


S 20 D . . 

20 

29 

41 

52 

65 

78 

86 


S 2 uC . . 

21 

31 

45 

57 

68 

82 

03 


S 21 . . 

16 

22 

2 ft 

32 

52 

62 

70 

79 
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Growth rate in eujfnre. 

Data on rate of groMih of the various isolates and cultures on potato <lextro8e 
agar arc presented in Talde 4. From the data it app<‘ared that* there were 
differences in gro\\'th rate between the author's isolates though they were all similar 
m orphologi cal ly . 

Pathogen kit If tesU. 

The results of pathogeni<‘ity tests on cotton ]>lants using the various isolates 
and cultures arc giv'en in liable 5. There were diflerencis between the isolat('S or 

Tahi.k 5. 

Shovfing results oj pathogenicity tesfM with Fiisariiiin vasinftM tani, its varieties and forfns^ and 


author's isolates on wilt-suseef)fdde. /i 2 

cotton . 


CuHun* or ihoIhD*. 

No. of 

{X<'rininalr(l.-|' 

i\«». of plant H 
will o(i. 

Will 

pjT rant 

Fu sari urn vasinjectuni 

117 


2*5* 

F. rasinfectum v. lutulattnu 

121 

2H 

2;bi 

F. vasinfectnni f.\ 

1 2t» 

h:i 


F. vasiujectum f.2 . . 

1 25 

1 1 

S.7 

F. vasinfectum v. zonatuni 

121 

i;i 

35*5 

F. vitsinfertvni v. zouatutu f. 1 .. 

120 

5* 

41* 

F, vnsinfv.rtu?n v. zonatum f.2 

1 2U 

22 

17-0 

S 7 

1 1 11 i 

« 

5*0 

S17 

121 

•1 1 

35*4 

SIO 

120 

HO 

<M»a 

S 20A 

1 15 

HO 

77-3 

S20H 

12S 

«2 

04*1 

S 2(K^ 

120 

:i2 

200 

S 21 

127 

SI 

03-7 

Control . . 


0 

0 


f- Toiiil miinbiT of ho<'(Jh hoavd in earh <*nso wuh 150. 

* Kunji;uH iNolalod from plants was dilfm nt from <}jo on»> iisod for inoculation in 

fUM'h c‘a 80 . Only Fusnrium soUini could bo rocf»von'd from those diw ascd |)lHnts. 

cultures in the matter of ])athogenieity. Although much significance should not 
bo attached to results obtained in pot experiments, it is nevcrtlieless obvious that 
some isolates and ciiltun^s exhibited a high degree of jailhogenicity, e.g. isolates 
S 19, S 20A, S 20B and S 21 and the culture of h\ vasinfcctwm f.i. Cultures of 
F, vasinfectum and F. rasinfeciuvi v. zonaivnt f.l appeared to bo very weakly 
pathogenic hut this fact was not confirmed by the isolations obtairujd from infected 
plants from which only Fusarinm solmti could bo recovered on plating. Amongst 
the cultures received from Holland, F, vaMnfectvm f.i was most pathogenic, F. 
vasivfecium and F. vaMvfecUmt. v. zonatnrn f.l not pathogenic at all. It is also 
obvious from the results that the author’s isolates which were all morphologically 
similar exhibited different degrees of pathogenicity under the conditions of the 
experiment. 

Discussion. 

Although the present investigation was primarily aimed at settling the specific 
identity of certain Fusaria isolated by the author from wilted cotton plants and 
‘wilt-sick’ cotton soil, the inclusion, in this study, of cultures of Fnsarium vasin- 
feetttm, its varieties and forms obtained from the Centraal bureau voor Schim- 
melcultures, Baarn, has yielded results which have a bearing on the taxonomy of 
this group of fungi. 
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I’lif Fifmrintn rasinfpxtmri is treated in some detail by Wollenweber 

jind Ki inkini; (MKir)) in their ’J>ie Fusarieir. The species was first described by 
Aikinsnrj tmt [lis d<*seription is rneagn^ and itself* does not enable us to 

rreogaiie the •>pr(;ies. \Vf >llenwel><^r and lleinking (!0.*5rd reeognist* two varieties, 
Inf'flnhnn and nnffihtnr^ tsso forms, vi/., f.l and i’.2, and two forms (f.l and f.2) for 
ffe' varn-ty 'uriftht tti , The fioins are treate<! as e?ititi» H ind(‘jaii<lent of the varieties 
(ir ^p< ej»-s its' ir and sirtnlarly tlu* vari4‘ti< ^ are tn at^'d as entities indejxnulent of the 
.Hf»e(‘ies. A p4*ni'Jal of tfje arrange riK Tif of species, \arieti(‘s and forms in the Key 
oil pagf^ iHH Knsarien would inaki* tliis clear. It is unfoitunate that this 

rrX'thod has been followed sinee 0 is reasonable to considiu’ /‘or/V/y to be of 
irnnndiatel y hover rank lo speed s and finn to be of iinmediat(*ly lower rank to 
vari4*ty. A riMognit loft of tins faet vvouhl indjeate tile arrangement in the Key 
soriK'Avhat- as folhiws: 

h\ ra-^itfpclifnf 


V. Inlnlalnitt v. zm.tU'ittf 


I 

I 

( 

f.l f.2 

Inde4*d. much of the diUie«i!ty exfx rit ne*‘il by thiva^ who try to identify Fusaria 
using Wollenweber and !e inking's Ke\ (‘oiild ba\t‘ been niinimistd by fulopting 
Mune .sueli a rr tiigenuih , altluuigti lOen this arratig^nieiit is not sal is fa (dory. It 
may be m« uMoikmI 1i< re that auevug.'it the various ainendnauits to the Inti^rnat ional 
Uules (onsidered at the S 'Anth luUrnational Botanical (.‘ongress recently, the one 
lad/iting to \rticie *JS m rehoant to llu^ [)r<*-enf <liscussion. 'J'his ariuuidment reads 
as* Insert befort' '>rst p.iragrapli: For iKumuielat lira! [iiirposcs, a sptcies and any 
taxon b(‘low tlu‘ rank ot a species is n'gardtal as th(‘ sum of tlna lower taxa, if any. 
'riu* dt‘seriplion of a suitordiuated taxon whi(di d()(‘s,not inclinh' the type of the 
hight-r taxon aut.oniatieally erea1(*s a seiwmd subordinattHl taxon whicli includes 
thi'* typ<' of 1 he higher tason ’ This anumdnnmt, if linally accepted, would 
ct-rtainly put iaxononiv on a nim h betUu* basis than at present, and is of immediate 
import anee in Fx'^n^ i>i rit t axonomy and normmclat ure. 

It has in b(' stated, how(*ver, that th«* authors td' Jtie Fusarien’ were probably 
constrained to draw up tin* K<'V as iliey hart' done since in any attempt to hdlow 
(In- arrangtoiumt suggestt'd above the distinetion betwetui some at least of the 
dillen'iit varietii's and forms recognised by them is liktdy to break down. 

.Apart from the data emerging from the present inv'estigation, close study of 
th(' (lesiTiptions given l»y Wollenwebt'r and Rt'inking (198o) indicate the following: 

From the morphological standjioint, Fasurbioa va-^iafretufo , its varieties and 
forms hav(' eonidia very similar in sha|M* and si/.(\ Spore mea.surernonts (see 
\Vh>lh'nw('ber and Ib inking, IlKkA, p. 121 2t») an^ similar though .‘bseptate eonidia 
of F. v. .ynhttfn)} and its two forms are slightly longer than the other 

members of the tiri'sent group. From tlu' taxonomic standpoint these differences 
art' of little signiiicamu' though it is not so considered hy Wollenweber and Reinking 
(ll)ik*>). Range in spore si/e within the species F, ni^iinfrcttnn is very wide and 
lumee the author feels that slight variations in spore size alone should not be the 
basis for distinguishing varieties and forms within the sjx^cies itself. * Tn fact, 
Wollenweber and Reinking (Uteo) have stressed on other criteria in this matter. 
Th(' key characteristics of the v’-arious varieties and forms of F. vasinfectum as set 
forth by Wollenw’eber and Reinking (19*15) are ixs follow's: 

F. r(i.<in fret urn f.l ( WolIemv('l>er, I9.*M, p, 423) is considered by them to be 
very similar to F. rasvifecium in all respects except that cultures of the former 
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lack smell. Tndee<i, the form had been originally given varietal rank by 
Wollenweber (1913) and, as v. irtodoralum, Was dist ingnished from vtisitifrcluw 
only on the basis of lack of smell in the case of cultun*s of the former. 

jF. insinfictuffi f.2 (Wollenweber and Iteinking, ]). 125) is considered to 

differ from F, vnsiiifecfum solely on account of its doubtful pathogenicity and wilt 
production on cotton and it is statt d that a number of re])resi»ntative isolates from 
t he evacuation of l)owels of children sulfering from dyspepsia an‘ ineluded in this form. 

vaMiifertHiH v. luinUitam (Wollenweber, 1931, }). 424) is eonsulered to differ 
from ¥, rasinff cfum in possessing somewhat longer eonidia and l>y tin* t>ecasional 
appearance of abundant small (9*5 mm. diameter) dark blue sch rotial bodies. 

F, vaf^i^iprtinu v^ zonntnm (Wollenweber, 19.31, p. 424) is distiiiguis!u‘d from 
the above variety and forms by the growtli of its mycelium in concentric zones, by 
the absence of dark blue aclerotial stromata, hy tlu^ pale, m^arly yellow colour of 
its spororlocliial and coiiidial slime and by the few longiT ami thieker eonidia. 

F. rasi)tp.clffw v. zouafum f. 1 (Wollenweber, 19.31, }). 425) is said to difl'er from 
F, va^ihfrctum v, znnatufn l»y the j)ale, cr(*am coloured to lac-oclire» brown, seldom 
nearly })uri)h', red stromata and occasional pn'st^nef* of v(\sieular swollen yellow- 
brown i)lecteiichymatous knots of 9*5 mm. thickness in cultun's of rice. 

F. vasiftprtufH v. zonatuiN f.2 (Wolh‘invc‘ber, 1931, p. 425) is considered to 
differ from F, vaj^vijMuin v. zonatiim and its form 1 in tliat the first lacks aromatic 
smell and selerotia, and has strongly ])urj)le coloured stromata, lilac coloured aerial 
mycelium and riclily occurring ])ir)nnoteK. 

It will be obvious from tlie ab<)V(! summary that in tlu*. sc^paratioii of varieties 
ami forms of F. ra.nnfvciunt ^ WoIlenvvelK*r and Reinking (1935) have used, besides 
spore size, the following criteria: (I) pre.sciiee or abKen(‘e of odour; (2) ability to 
produce wilt in cotton; (3) prcscoice or absence of dark blue sclerotial bodies; 
(4) pn'senc(^ or abs^'iice of zonation in culture’s; and (5) colour of stroma when 
present. In any classi Heat ion of tlut fungi uiuhr study, ttu* value of these criteria 
has to he properly assessed. 

(1) Presence or absene<* of odour has h(‘<*n found to be an unreliable charactc^r 
and is of little ludp in distinguishing Ix’twTcn F. nisinfectunt and its form 1. 
Cultures of F. ranuffctunf and its varieties and forms ohtaiiu’d from the (Vntraal- 
bureau voor Schimrneloultures did not show any recognisable difi’enuicc’s in the 
pnMluction of aromatic odour. This observ ation conlirms that of Ivulkarni (1934). 

(2) The inability to produce wilt in cotton is om^ of tlui criteria suggested for 
<listinguishing l^etween F. rasinpeiinn f. I and F, ra,siifpctnv\ f.2; the former is 
considered delinit(4y pathogenic to cotton Avh(3r(^aH the ability of the latter to cause 
wilt in cotton is stated to Ix’, uncertain. The pathog<‘nicity tests reported here 
indicated that both forms 1 and 2 were pathogt riic to wilt-susceptible Indian cotton, 
though the latter w^as only weakly pathogenic. Higher pathogenicity figun^s 
obtained for form 1 are doubtless in keejung with Wolh’iiweher and Reinking’s 
(1935) observations, and the low figiu'cs of mortality obtained by inoculation with 
form 2 appear to confirm the doubtful pathogenicity of this form on cotton 
suggested by Wollenweber and Reinking (1935). However, F, vtisinfccAnm. itself 
was not pathogenic to cotton in the tests carried out hy the author. This again is 
probably in conformity with observations of Wollenweber and Roinking that F, 
vasinfectuw causes cotton wilt in X. America, but its form 1 causes cotton wilt in 
N. America, in Egypt and in India. The culture of F. vdMinfpctmn f.l used in the 
present investigation is an Egyptian isolate originally obtained from Pah my who 
demonstrated its ability to cause wilt in both American and Indian cottons (Fahmy, 
1927). Yet, it would appear that we are dealing here with the question of 
physiologic specialisation^ evidence of which in F. vasir^fextvm has been suggested 
by Mundkur (1936). In any case, much w^eight need not be attached to 
pathogenicity of these fungi in classifying them, particularly in view of the 
observations of Mundkur (1936) on the rdle of environment in the pathogenicity of 
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f>araHiti<^ fungi and the n*Hi«tanrc which hotit plants can offer to them. Mundkur 
Hhowcd that Indo* American and American cottons were immune to an American 
i^train of F. roMinffirinm when growing in Indian soils; similarly, Indo-American 
rottons growing on American cotton soils j)ror(‘d to he as susceptible as the 
Amfuican cottons to the American strain of the fungus, but were still immune to 
tfi«- Indian fungus. Th(* wTiter’s isolatc^s, which wtTe between themselves moxTpho- 
logMiilly inrlisl inguishable, moreover, exhibited a wide range of pathogenicity. 
It should also be noted that Ix-sideH F> ra-HihJt rtum f. I and rasinfecfiun f.2, other 
varietir s and forms also (exhibited pathogeiiieity on cotton. 

(.‘1) The only cultures wliiidi j>nKliic(‘d selerotia W(‘re S 17, S 2(tA and F, 
tnMnfrrfntn V. zontilinn f.2. Xo selerotia Avere observed in cultures of F. 
ruMti ft ct inn ^ F, rasinf* rtmn forms 1 aiul 2, and F. rasinff ctmn v. Intulciittm, all of 
which ar<' corisirliTed to produce selerotia b}^ Wollcnw(‘b(‘r ;md Iteinking. The 
author's results furtlnu* failed to eonfirm the inability of F. m-sln/frtfnn v. zonaluvi 
f.2 to (>roduc(‘ si.b rotia. Sclerotial formation is obviously a variable charaeter 
aral it would appear that iirulue (‘rn[>lia.sih has been laid on this character in the 
<’laHsi(i(Uition of the Fn^^arinm raxinf* cfinn group Kusaria. 

(4) No '/onatioii was <*bser\ed in <*ultures of F, rffsinp rt/ni) v. znuatinn and its 
forms I and 2 or in any of tla* otta r cultures and isolates studied. The usefulness 
of this phenoim non, therefot<*, in di^^tinguishing 1x4 ween lliest^ fungi, is doubtful. 

(r>) StroTna(i<^ eolour of all isolat<‘s and c*ultures c.v(‘ej)t F. rasi nfectn ni \\ 
znnalnin f . I w as pink to purple; slrornatir colour in llu' case of f’. ruMnfrrtn m v. 
zonaifnn f. I alone was ( ream t<> oclin* This obs<*r\ at i(.ui is in agreement with that 
of WolbaiwelxT and K<‘inl<ing (llt.'ko). Furllier, n(‘ith('r acid tior alkali could nuxlify 
stromati(‘ colour of this cultun* r)n ri<‘e. Indcfxl, tlu‘ culture ndains in a remarkable 
manner the stromatie e.olour (uiginally clainu'd for it (Link and Bailc^y, I92t>). 

The afx>V(' obstTvations inclim* the author to consider the following varieties 
and forms synonyms of Fumrnnn rasinjtcitnn Atk.: F. rnxinftctuin Atk. f.l Wr,, 
A\ niMinftrttnn .Atk. f2 Wr. et Hg., F, raslnfninfn Atk. v. hihiUUnin (Sherb.) Wr., 
F, Vfi>fhffrrfKm Atk. v. zonahnn (Sh(*rb.) Wr., F. viuinficifini Atk. v. zonatinn 
(Sherb.) f.2 (Lk. et Hail.) Wr. 'Fla* distinct stromatie colour exhibited by F. 
rnsinprtnnt Atk. v, zonuhnn (SluTb.) f.l (IA. et Ihiil.) Wr., coupled with its 
iiulitTt*renee to addition of acid or alkali indicates the need for re-eonsklering its 
sysUunatie position wliich is hd’t an open <|uestion for the ])reseut. It would appear 
from th(' prestMit instance tliat the pnxluetion of red or blue eolour with acid or 
alkali resp^x’tively is not universal witfiin tia' sc'ction Flnjans, On the basis of the 
results obtained, the auth(M*'s isolates are also identified as F. vaMnfaclinn Atk, 
althougli tht'se isolatt's exhil>it(*d \ariation in n'gard to growth rate and patlio- 
gtuueity on cotton. 


Summary. 

The resiiltH xn» pre«eiit<'fl nf a study of <’ortain KuHaria isolated waited rot ton plants 

and ‘ wait ' c*otton soil frotn Southern Tmlia. All i.solatcH studx^d belong<'d to the w'ction 
ICW^jans and were similar iimrphologically hut oxhihitod variation in regard to growth rate in 
ridturo an<l pathogenitaty (m eotton. Tfio isolates wore oomjmred in detail wath cultures of 
Fumrinm x^i^infectuyn Atk. and its viirieliea and forms fd>tained from the Centrnalburoaii voor 
Sj*himineUultures, Daani, Holland. On the Inisis of the data obtained, wdiich are presented 
and disc'UHsed in detail, all vari<4 ioa and forms of F. vtistinjectum Atk. recognised by Wollen- 
weber and Rt^inking (I93ri) with the exception of F, vasinfectxim Atk. v. zoyxaium (Sherb.) f.l 
(T..k. ot Hail.) Wr. are considenxl synonyaus of F, vasinfectum Atk. Tlie Inciian isolates arc 
identified as F, vtisin/ec^nm Atk. • ^ . 

Tlio witer is grateful to Professor T. S. Sadasivan for much guidance and 
criticism during the course of the investigation and in the preparation of this paper. 
He thanks the National Institute of Sciences of India for the award of an l.C.I. 
Kello^vship during the teniure of which the present investigation was carried out. 
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ON THE MINIAUX APPROACH TO THE PROBLEM OF EST1AL\TI0N. 


By 1). Basu, lieseurck Fclhu\ y J.SJ., Statistical iMhoratory, Calcutia, 
(Communicated by Prof. S. N. Boso, F.N.l.) 

(HeceivcA July 23; read October 5, 195/,) 

Introduction. 

The purpose of this paper is to lay emphasis on a few aspects of Professor 
Wald*8 approach to the problems of Statistical Trderence with particular reference 
to Estimation. It has been pointed out that a minimax estimator may not exist 
in many important cases unless we suitably modify our loss function or truncate 
the parameter space. 

The problem of point estimation is as follows. The form of tlu' distribution 
function F{x\0) of a ccTtain population being known we have to estimate the 
unknown population parameter 0 by means of a random sample X- (.rj, .r 2 ,.... 
.r,) from the population. The probhmi is clearly a probkun of decision functions. 
We have to d<^line a single valued function '/(X) detined over the 

entire ^/-dimensional sample space M such that d{x) takes valm^a in the parameter 

space Q, When we get a Bamph3 X - (.rj, .r^) wo estimate thc‘ unknown 0 by 

d(x). 

Let W(0. d) be tlu' loss or w^c ight fimction. Jt stands for the loss that we 
suffer if we estiinatii the tnu^ 0 by d. In other words W(0y d) stands for the 
different weights that the statistician wants to givc^ to tlu^ dilliinuit possible wrong 
decisions. It will not be unreali.stic to assume that \V[d,d) is a monotonic non- 
decreasing function of |0-~ //[. As a matUir of fact we shall gcruTally work with 
the following two simple types of weight functions namely 

W(0,d)^{e-d)^ (1.1) 

(1 \t\e-d\>i 

The risk function or the expected loss function riO/d) corresponding to u particular 
decision function d{x) is defined as follows : 

r(0/d)= I W(0,d{x))dF(xie) (1.3) 

J M 

■where .... ^(•»‘«|^) 

and M is the w-dimcnsional sample space. Tt wUl be noted that r(0/d) is 
a function of 0 and the form of the decision function d(x} but is independent of 
the sample point. 

It is.^ery natural to try to discover a decision function for which the associated 
risk function is small over the whole parameter space U. This immediately leads 
to the following definitions. 

ffefinition 1.1 : The decision function do(*) uniformly more 

powerful than di(X) if r{0\dQ) ^ r{0\di) for all 0 with the sign of inequality 
holding for at least one 0. 
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ft is almost obvious that tlu ro cannot exist a rleeision function ^/o^x) tliat is 
uniformly more }>o\v(*rfal tlian all other rlecision fun(;tions. For if {XHtsible let 
be uniformly the most [powerful and let f/ifx) m 0^, Then it is clear that 
0 (assuming that Wid,fl) b when 6 - d) and since ^ 

it follows that r(6/j</o) i» when 0 0^. Since d^ix) is more powerful than any 

aUern.itivf* it follows that r(0\d^) m O, and this can lie true onlj’’ if ir(®x d) is 

of a trivial nature. 'I’hc* abov(‘ eoiisideration leads us to the very important 
di linition of adrnissibh* d(‘ei.sion fiiiu-tions. 

|)etinition 1.2: - 'I’he deission function d^(x) is said to he admissible if there 
exists no other deiision lunction that is uniformly more povvcTful than r/o(X). 

Obviously no <le<nsion funetion thst is inadmissible* can be accepted. The 
main pn>blem that arises in the Waldian approach to tli(‘ classical problem of 
I'stirnation is to show that certain estimators commonly in use are admissible 
decision functii>ns. 1’hc following tbci>rcm tirst obtained by Rao (1945) is of great 
importance in the aliove ionne<‘f ion, I’Ik* tla orem was indi‘pi*nd(*nt ly obtained by 
Blackwell (I!l47) and was cxliiahd to eonv(*x loss functions by Hodges and 
lichmaiui (lltoO) and by Barankin (lltoO). 

Tla orem 1. 1 : -df / /(X) lu* a sulUcient statistic for 0 then tlie class of adinis- 

Hililc estirnator.s of 0 i.s a sub class of all functions of ^ providtsl \V(0,d) - (0— 

Tic extension of Rao’s theorem tt» the case where B d) for t*veiy 0 is a 
convex (ciownwards) function of *1 is almost immediate. For from eonvi‘\ity of 
B'(0, d) it tollows t hat 

hj\ \V{0, d}\t } > 0) whon^ tfj = 0(/) = E(d\t) 

and hemv r(<?|//) = /;| W(0^ d)\ ^ /:,[/:’{ JF(0, d)\t] ] 

:> A’ \y{0,tls) 

=*= r(0\tfi) 

Wahl lia^ shown that undiu* <*(*rtain conditions the class of all Bayes' solutions forms 
a complete cla.ss of decision functions and it will be siuui that when a suHicient 
statist i<' exists every Bayi's’ solution is a fumdion of the suflicient statistic. Wald’s 
theorem howeviu' is provi d under sonn* n^sirictive conditions on the parameter 
space U and the weit^lit funetion H (0, d). We take up tin* problem in sonic greater 
dt'lails in tlu* next seidion 


2. Minim AX Dkctsion Rulf, 

If tht' population paranieti^r 0 be itself a random variable with fi{0) as the 
(lisirihut i«)n function delincd o\er (lu* space Q then it may lie considered desirable 
to minimisi* tlu* avcrag<* risk function 

I r(0\d)dfL(0) (2.1) 

Definition 2.1: — A decision function that minimises the average risk function 
fil-tld) is called a Bayes' solution of the decision prohlem. 

Definition 2.2: — A class of decision functions is said to be a complete class of 
decision functions if no decision function outside that class is admissible. 

Delinitiou 2.3: — A decision funetion d^{K) is said to l>e a minimax decision 
function if it is a^lmissihle and further if it minimises the maximum risk associated 
witli any decision function. In other words c/q is a minimax decision function if 
it is admissible and 

Sup r(9|f/Q) < Sup r{0\d) 

e $ 


( 2 . 2 ) 
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\yhere d is any otlier decision function. By sup (supreinuni) of r{0/d) we mean the 
least upjxT bound of r(0/d) in O. 

The criterion of admissibility and the furllior criterion of ininimax are the 
two new criteria set up by Wald. The following theorems proeed by Wald aro of 
fundamental importance. 

Theorem 2.1: — The class of Baj^c's* solutions is a complete class of decision 
functions, i.e. no decision function that does not» minimise the average risk with 
respect to some a priori distribution fi(0) is admissible. 

Theorem 2.2 : — ^TIuto exists a minimax decision function. 

Tlieorem 2,‘l: — The minimax ilecision function is a Bayes’ solution with respect 
to a least favourable a priori distribution and it generates a risk function that is 
constant oviT the parameter space Q expecting possibly in a H(‘t of probability 
measure* /ato (with reference* to the least favourable a priori distribution). 

The decision problem considtTed by Wald covers almost all the ])rohlems oi* 
Statistical Infenuice and it is to be exported that such g4*iUTal theor(‘mH can lu* 
proved only under a s(*t of restrictive assumptions (vhli* Wald (195b), Cliap, 9). We 
shall [we.sently study tin* real iiatiin* of soim* of these assumptions. It should bt^ 
nol#*d that a. Bav(*s’ solution is uotliing but a d(‘cision funetion that minimises some 
averag(‘ risk fun(‘tion. No a priori arguments an* r(‘ally brought into the picture 
and the Bayt*s' solutions are studied because of th(*ir important ])rop(Tti(*H. 

Non-admissibility of uniform wt*iglii funct ion ovov an inliniU* range : — 
Wald (19.‘{9) att(*mpted to solve th(^ problem of iinrling tlie minimax estimate of a 
loeation parameter. Il(‘ demonstrated that under certain condition tb(‘rc exists a 
minimax estimate of tin; location parameter and that the maximum likelihood 
estimatf* undiT certain furilu‘r conditions is the miniraax estimate. It is tli(*n 
de(luc(*fl that X is tin* minimax est imate of the Normal mean when ilu^ variance* is 
kiiowi). Tile proofs of 1’lu*orem8 5 and h in the above paper are however not valid 
because* the multiple integrals considereel in (3b), (3J) anel (32) of tliat paper aro all 
(livtTgent and as sueli the jwoofs througli the change* of the oreler of integration in 
(30) and {.‘ll) is inadmissible. The* Bayes’ soliitiem with respeed to the*, uniform a 
priori distribution over the* infinite range*. — oo<0<co was found to generate a 
constant risk function anel so it was deeluecel that the partiemlar Baye*s’ solution is 
the minimax estimate. But the a prie>ri d(3nHity function d0{--<X> < 0 < <x>) is 
not a true proi)ability distrilmtion ami may veTy well loael U) a decision 
function that is not admissible*. Tlie average risk function f(ixjd), whejrei e/fi(0) 
z-^.fl0{ — oo <6< 00), will be infinite anel the epiestion of minimising r(/i/e/) with 
r(‘sj)(*et to d dex's not arise* at all. Take few instanex*. the following esxamjile where 
the problem is to make an estimate of the Poisson mean 0 the loss function being 
(0—rf)2 the space Q being 0 < 0< oo. 

I.«e3t X = 

Since X is a sufllcient statistic for 0 it follows from Ilao’s theorem tliat wo neeel 
restrict ourselves only to functions of X. Since X is a Poissein variable with mean 
yi0 wc have 

= (X = 0,1,2.....) .. .. (3.1) 

and 


Now if 


r{6\d) ^^(e-d(X))ij>{Xie) .. 
0 


dii(0) =s dd (O<0<oo) we have 


f{/*|d) 


dd'^(e-d(X))'^er”^% 


-ne(r±Y 
X\ 


(3.2) 


(3.3) 
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in th<‘ s.ain* way a.*-, in 'I'hi nrcrri n oi' Wald (IIKIIM wr may WTite (liy 
formally mtoj^ratini' tiTin l»y trrrnj 


fifild) iie. 




Now it IS oasily s<*( n that the inl< I'ral 


is a minimuiti wIhoi 


I (O-dfie ”^[„efdO 

o 


d 



0<’ {nO]^ do 


I /’( -V X I 

w /'i .Y f I ) n n 




(3.0) 


'riu' risk tuiict inn ^'nin riilcil liy tin- aliovc <lccisii)ii riini'tinii is 


\ ( a /// \ // n/ -n ^ //« 


vvlicn as tin* risk fniu’linn tjoncratod hy 


X 






(••ks) 


Thus thr (U’cision fimctiun (!» i\) is not admissih!t‘. 

It IS tluTofon* rlrar that the ty|jf of ar^^iimont <*in[)loy<'d in Tlu'orom o of Wald 
(llKllt) is not valiil Wo should 1 m' vory caroful ulnir di'.ilino ^vitli a })riori weight 
functions in space Q lliat ar<‘ not true prohahiiity distrihiit ions. 

Suppose tin* prol»h'm is In find thr minimax rstimale (d' the normal mean (lie 
variance leing known If we tak(‘ our loss function as tlion assUTn])tion 

l]/,\ in Wald (PJoO) is violated as tlit' loss (or weight) function is not houndi'd. I’liis 
however is not a vtM’v si rious diiVu ulty. Kvtm if tlu* h>ss function is unhoumled it 
can he show'n that (In' nnnimax estima((‘ will (‘.xist in many eases. 

In t'stirnation the real dilliculty aristxs with assumptiofi d.4 wIktc it is assumed 
that the space of terminal decisions D* (since for the pn'sent we rixstrict ourselves 
to non sequential decision functi<»ns otdy tin* space />^ is (he whole deeision space) 
is eoinpaet in the s(‘ns<' of a suit^ihly deiined metric in spact*. Now* if tln^ para- 
meter spa (a* £? lx* >X) <C 0 <I oc^ t hen t he space* of all possihk* decisions also is from — oo 
to 00 and as such assumption :\A is violated. Of course we can make the (h'cision 
space <*ompaet hy taking tin* paramet»*r space as n^e<h hut in that ease further 
dilHculties arise. With this truncated decision space the theorems of Wald hold 
true hut tin' resulting analysis hreomes extremely difHcult. For inst^ince the 
decision function x ceast's to lx* admissihle, i'or clearly tlie decision function 


4U 


do(X) = 


.r if ^ x 

it if X < a 

h \{ X '> h 


(3.9) 
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is imifoniily moiv ])owiTriil than Wahl (1950) lias shown that </o(x) also is not 
admissihle. Althous^h a ininimax thaTsuni fuiuTion t'xists in theory it is not known 
what it is or how to tin<l it out. 1'hus tor tho sake (»!' siinpliiaty at least wo have to 
tak(‘ Q as — a.)<6/<oo, in whieli rase x is the ininimax estimator, 

4. Nou-existenee of a minimax solution wlirn the <leeision spare is not 
eornpact. ('ousidcT a r<H*tan^ular jiopulation wiMi ran^e (tt, 6) tlu' problem lieing 
to fiiul a minirnax ('stimator of d on the basis of a raialom sample x . . ,x„) 

the parameter s])a(»e^? being 0< 0< oo and tlu' loss funetion lu'ing of the type (L2), 
The risk function is 


r(e;d) 


11(0, d) — dr, . . . dr„. 


,Let. f = max (e, rj. Then it is easily vorilied that tlio density function 

of ^ is =: J and hence it follows that tla^ probability density of (,rj, 


0" 

r„) on the sin fine wliem f lies bet wi'on f and ^+fli is simply 

I 




r,, ^)d.r^ . . df\ -- 




dr 


dj- 




M0/d) 


,1^ 

0” ^ 

0 




. . , . d.i ) . . . d 

\\ {0,<l) ' , 

11^ (i( 


(^oiisitlff tile followiiij' <1 prinri (li.s(ril)iit ion lor 0 iiuiiirly 


Th.-i) 


{/(dloLi <10 -- 0'^-' <■ " <(e{f)<0<c/j,a>i*). 

1 \ OC- / 


r(f/(0|a)/d) == r(a/d) = f r(0|d) f/(0|a) d0 

J u 


the averagi* risk funetion. 

Hv an (*asy ehangi? of the onh r oi integration we ba\T^ 



■% / 

d . . , r/.i’„ 

r(a V/) = 

0 

SV "f" . 


(l.I) 




iiiUK in order to jniniinisf f(cilil) ell 1 hat havt; to do ia to <!hoosc d d{ji,. . . .x„) 
in such a way that for every (.< 1 , .r^ r„) tin* integral 


im d) 

0 ’ 


</(6l/a) <10 


(4.2) 


"'•“■'Vi'.)*’ 


”-\-»do 


is a minimum. 
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\ow sirur WiO, ^l) 0 v\'1h*h d--l f' d^d \l iiiu! \V{0, d) 1 plsewhero wp should, 

rh urly rhoo.sr d \ I und should choose d in such a way that 

f / 

^ df/ iB maximum. .. .. .. (4.2) 

I la) 

^ u - 1 


l-<ct a>>^ 1 I a.n«l hit <{>(//) htr dcliiu'd as 

f / 

MtJ) ~ I 6^ ’' (l<^y<cfj) 

J y~t 

Th.-n 

It is e.'i-tily v< rilii d that <f>^(!i) mnains > 0 up to a staj^c and tluui cluin^cs sign and 
n tnains aluays < O. 'hhat is <f>(ff) incn asi'S i‘or some time and then 1 . 50 CS on dccn as- 

Let // /(a) la' the |)oint wlhTc is a maximum. 

d'lnis )M nrd‘T to iriinimisc (t.2) or 1(* maxitnisc (4.2) wo should choo.so 


d(X) 



so loui.; as 
as soon as 




(1.4) 


'rims corrcspoialin*.^ (o the' a priori drnsity runction </((9/'a)d0 lor i) the Ihiycs' srhiition 
is as <lo(inod in (1.1) uhrn* it is ('asil^ vorilial)lo that /(a) a MKO (l‘y *•(!) 
mean a function th'a lliat rcinaiiivS houndctl us a->oo). 

Now consider the risk function /{fl//a) generated hy the decision function doL(^). 
(' h‘arly .so long as 0 <J{x} dcni^} /‘(a) for every ^ and h(*nce from tlie delinition 
r»f our loss function we havi* 1 for every 0 < /(a) —*/. (Sinc(‘ we shall 

ultimately make a tlierefore we can assume a to Ik* so largo that fix) — I >0.). 
WIkmi y(a) ' - / 0 ' lix) : / t hen eit Ikt f 3 ^ lh*s hot W(^on and 0 and 

in Imlh the ea.scs daii) (which is eitluT J{x) or f j 1) must lit? l>ctw(‘on 6 — 1 and 
0 i / and as such /(0/z/a) t> in this <'as(\ 

When 0 > J{x) i / then U (0, dx) t> only wlion 0—2/ ^ ^ ^ 0 and hoiua^ in this 

4‘aso 


r(0lr/a) 






n-l 


0” 


</| 


('-!)■ 


'I’hus w'f havt' 


nZZ|'/a) = 


1 for (t<0</(a)— I 
0 for /(a)-?.<flg/(a)+l 


('-!)■ 


for f{x)+l <0<co. 


Iloaco th<> ayrraKi' risk funotion 

[|rfa)= f n0ldoi),j(ei(x)d0 
d u 


r a 


/’/(«) - 1 


( 4 . 0 ) 


(4.6) 


J/{»Ia)rfO+ 


/(«) M 
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We now show that f(a|'/a)-pl as a -> 00 . As noted before /(a) a -f- 0(1 ) -^00 as 
a -*-00 Hence for every e >0, no mutter how small, we cun timl an A such that for 
every a > -1 the integral 


(l-|) 


J/(a) f i 


/. for every a>A \vc hava^ 

r(a|da)> 1 — 


g(6\ci)dd-€. 

Jf(aL)-l 


It. is easily veritia})le that the maximum of f/(d|a) is attained at 0 
f/(a — J |a)->0 as a-^oo 


Heneo 


<j(0\ol) dO-^i) as a~> co. 




a-~“ I and that. 


Thus it is proved that f(a|(/a)~>-l as a->oo. It at onec^ follows that 
Sup r(0\d) = I for every decision function d(X). For if idr a jiarticular d(X), 

0 

Sup r(6\d) = I — S then for that d the average risk function 

e 

f(a|rf) = I r(e\d) g (0 /ol) dd^lS for all a. 

J 0 


Hut as r (a I da) I there exists an a for which 

f(a|da)>r(a|d) (4.7) 

Whicli is a contradiction because da is the Bayes* Bfdution corresponding to the 
a. {)riori distribution f/(0|a). 

Thus we lind tliat if the range of 0 be from i) to co the n for every dcicision 
function the ina-xiinum risk must be unity and lienee the (piestion of ininiinising tlie 
inaxirniiin risk does not arise. The reason why WaUFs exisUuiee tlieorems do not 
hokl in this case is that the decision space is not c()m])act altliough all the other 
conditions an^ satisli(*d. It is conjectured that if 0 bo a location parameter then 
under certain very mild conditions (as for example H (0, d) is a function of \0--d\ 
etc.) the rninimax estimator for $ will exist even though the space Q bo unbounded. 
A general proof is yet to be given. It is also conjectured that in every case the 
rninimax estimator will exist if we define our loss function suitably. As for example 
for the upper bound of the rectangular distribution the rninimax estimator for 
0 will exist if we take our loss function W{0, d) as say (d—log 0)^, 

5. Some comments on the estimation of Poisson mean when the parameter 
space is restricted: — The problem of estimating the parametcTs of a statistical 
distribution function when it is known, before the sample is drawn, that the 
parameter certainly belongs to a given set of numbers has been consiflercd recently 
l)y Hammersley (1950) and it seems to present some points of peculiar interest. 
We now consider the problem of estimating the Poisson mean 0 when it is a priori 
known that 0 ^ ^ 1 . The more general case ofO^O^a presents no new difticulties. 

0 * 2 , , be a random sample drawn from a Poisson 

population wth mean 0 where it is known that 0 ^ 0 ^ 1 and let X — XiA- • • • • 

Let d(x) bo an estimator of 0 and lot 

r(0\d) = E(0^d(x))^ 

be the corresponding risk function. 



294 i». HAst : ON thk misimax apj^koa^ h to thk froblkm oi kstimation 


Siricu* llnr fiiiiition is (0—//)* it follows from llao's Theorem tluit we need 

eofiHifii r only siuh (‘.stirniitorM //(X) iir<* iunetions fit the >utheient statistics X. 
Aj^ain sinee X is a PoisMiii \iiriahli* with mean t>0 therefore tliere is no n*al h.iss ol 
^i-neralily il vv<‘ sonieutiat siin(ilitv f>ur prohl<‘in a-^surniug itiat w<* an* estimating 
on th#* l>a.'Us fit a single sample y. '1 hiis ii '/(./ ) he any estiinattir liusefl on a single 
sanijile y then thf* eorrespornling risk lunctifin is 

r(0|,/)= ^ 1)2 . .. .. (5.1) 

u 


Nfiw if ({0} hf* any a priori distrihiit ion function over tin* paranu^ter sjiacf* I 

then the f:on*<*s{)onfiing average risk function is 






o 


I 


(0~,iy^r 

0 






'flu* term l)y term inlegralion m (o *2) is permissil)li‘ as the stories in (o.l) is 
nmfonnly eonverg<uit m (» ; ' \ I foi* ail e.o miatois r) t hat ♦ak# values only in the 

rangf* to I. <1earl\ ue need not eoieadi r an\ estimalor d(/ ) that takes values 
outsule ihe interval in, |) i(,r ciu-n '.p«»ndiuir to ;m\ sueli estimat<»r We can always 
find anfitlu'r estimator alwavs Iviiej: in (n, I) hut geiuaalmg a risk hmetion that is 
uniformly less than Now r(f|d) will lie a minimum if eorr(‘sponding to ,uiy 

y W(‘ f'hoosf* f/(.r) m such a w»in that i lu‘ intt‘gr«d 


f 

0 


{0 -t/( r))- f o' •^^{0} ’t minimum. 


In otlua* w'firds the Ha\<\s’ solution eoria spoiiding to I la* a })riori disi rihutifiii ^{0) is 


^1 





If Wf» detirif* tin* distriiuition function as 


then it follows that 




(l({y) = 








f 

^ fi 


e' 


^x±l 


(r,.4) 


(fl.r,) 


whi'rt' ft, is the .rU* inotnoiit of ^^ith rt's}>e«>t to the distribution fi{9). Wald has 
prtived (hat under et^rtain conditions (which are satisfied here) every Bayes’ solution 
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ia an admisaible ileeisioii func*tion and that thv class (»f all IJaycs' sohitions is a 
complete class tif decision functions. Tims we hint* the followiirg: 

Theorem 6.1: — A necessary and s\ifllcient condition in oriler that an estimator 
d(>v) of the Poisson paranu'tcr $ 1 ) he a<linissil)l(» is that 

where /i, is the moment of a random v'uriable distributed over tlu' intervul (0, 1), 
That the condition is suflicient is proved as follows: 


d(.r) = 




</U0) 


then defining 


w e liave 




(.r) = J I j O' r-O d((0) » df{u-) 


i.(‘. (I(x) is tlu‘ Bayes* solution coiTi\sjM>nding to tlu* a ]>riori distribution ^($) and as 
sucli is admissible. Now' since* the (|uadralic form in //, r, nanu'ly 

I 

( ^zl lti\ 2 


/*«-! + /**+ 1 


is positive delinite fJierefore it follows that 




d^(x) = |p,_, s= d^e-1). 


If the sign of equality holds for any x. then it follows that there exists two constants 
Wq and f’o such that 

*•-1 ^1 
Wo0~ +»'O0 ^ 

for all 6 excepting possibly in a set of probability measure zero under the d.f. $i(0). 
Hut the above cciuation is satisfied only when 

0 = 0 or 0=-^ 

• • ' Vo 

Thus we have proved the follow'ing: 

Tlicorera 5.2 : — ^The Bayes’ solution is a strictly increasing function of x 
excepting when the d.f. i{0) is such that 0 can take only one or two values (one of 
which is zero) under ^{0), 
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If uikI^t ^(0) B iiikrH the valiK^ a with unit probability then the 

rorn*s[iurnliiii' Ibiyes’ solution is obviously d^Ur) a for all j\ 

If iifKltT 0 takes only the two values 0 and a (<><a^l) then the corres- 
ponding liayes’ solution is 

, , , id when x = 0 
dAx) =5 { 

{ a when x>0 (0<f/<a^l) 

If d({0} =: Const. ^ ( I — I,/>0,///>0) tlion it is easily veritied 
that 


d(( r) - 


r+l 

X *4"/ d" 


d'liiiH (‘orre.spondirig to (‘very a priori distribution funetion ^(0) there, exists a uniijiie 
Ihiye.^^’ solution that nnniniise.s the aviuaige risk r{^jd) the minimum value 

l>eine drnoted by r ^ rU 'd^) 

Wald has sh»>wn tlial there (‘xi.sts a d f. f/(0) eall(‘d tlie least favourable a priori 
<l.f., such that for any alternativ'e rl.f. ^{0}. 

Further the rninirnax dreision function is the Ihiyes^ solution eorrc^spoTiding to 
tlu^ least f'lvourable a priori <l.f i/{0) and the risk funetion giuierati^d by d^{r) is 
' for all 0 ;i) |t at one<- follows that r{0!d^) for all 0 (‘xeepting 

possibly in a s<‘t if probability measure zero under the cl.f. \i\0). 

Now sinee I h<' sere s in (o, I ) is uniformly eonvergtuit in 0 0 I for all admissible' 

deeisiou luiietion d[i') wr have that r(tf/./^) is a continuous funetion of 0 . lienee if 
\l(B) Im‘ a eontinuoiis distrihiition fniietioii thiui it follows tliat tla^ risk fuiurtion 
generated by tile minirnax derision funetion d^(x) is a constant (»ver the 
range 0 - ,0 I . 

Hut if r(0\>l) ^ y {0-({{.r))tr~^--, = (■ 

X I 
a 

llu'ii by mulli|)lymg l)olb sidi .s by and ^•(|uati^g for like po\v(*rs of 0 we haM‘ 
th(' ditVereiiei’ iM|uation 

f/2(t>)==r^ (5.6) 

-l!// r/(//— I )-f //(//— 1) = r for a > t). 

Ihit sinee ^/(//) lies in I he range (o, I), i/(.r) being admissible, thendbre tlu* I.h.s. of 
(i\) is o| order whereas the r.h.s. is a eonstanl. Thus w'e have the following: 

d’lieorem 5.:». ddien* exists no admissihle d(*e.ision function that generates a 
eiuistaiit risk funetion. , 

In an ajipendix wr give an iut<*resting proof of thi' faet that the dith*renee 
e(|uatioii (ti) eannot be soImmI e\('u w'heii there is no resirietion on fl(x) and Uie 
r.h.s. is a tumdion of n that does not inereast' tt)o rapidly. 

All immeiliatt' I'onsefjUenei' of Theorem 5.3 is 

Theortun 5.4 : — I’lu' least favourable a priori d.f. fj{0) is diserete. 

Ia'I 1)0 Uic simple iliserete distribution of 0 under which 5 takes the values 
it and I with jirobahilities (I-tt)/! i (e-l)7r and r-rr/l f (e — l) 7 r where 0<n<l, 

From (5.4) wv havi* tlu' assooiatiMl d.f. as one under w'hich 0 takes tjhe values 0 
and I w ith probabilities 1 —n and w res|vetivoly. 

From (5.5) we have the corresponding Bayes’ solution 




, , ( n when x ^0 

^ ( 1 when ^ > 0 


(5.7) 
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The risk function generated by d’'(r) is 

r(d\d'’) = (0_,r)*c‘''+(0-l )*(!-<:■<') (6.8) 

and tho corresponding average risk is 

f„ = M") = f r(e/d'') di” (d) (6.9) 

J 0 

ir(l— tt) 

I+(e — l)7r 

It can )>o easily verified that r„ is a maxinnim when 

IT — + = Wo (say) 

Thus ill the class of all a j)ri(»ri distrihations of tho form I) the least. 

favouralili‘ d.f. is tlio oiu' for which ir ng. Wo shall soo afterwards that this is 
not tlio least fa\ ourahhi d.f. in tho wholo class. Mow it is easily veriliod that 

r(o/d"'') = r{ I /<Co) = = ( J + y'#;)-" . . . . (.^,.10) 


Agaii) sinct‘ is th(‘ Ihiyes* solutioo corresponding to tlu^ a priori d.f. 
under whi<‘h 6 can take only the two values and 1 , tla refore we have the following. 

Theorem 5.5. : — For every d{.v) Sup r(Ojd) > + 

d 

For if there <*xists a d(.r) otluT than for which r(0l(l)^ (l + \/c)‘"^ foi 

both 0 0 and 1 tlu*n that will contradict tlie fact that d^<>(.r) is tlic uniepK^ Bayes’ 

solution coiT(‘Hponding to Again it is easily vcrilieci that ~ r {0\d^)'>{) at ^ 0 

du 

so long as 7r<(l + \/^)""^ sineo 7ro<(l + mc have that r{0\d^^) is an 

increasing function at 0 0 whicli proves the theorem. 

Since r{d\d^^*) is an increasing function at 0 - i) it follows tliat r(fl|f/’^o)> for 
some 0 and so^”^” is not tJie least favourable a j)riori d.f. When n = 
is ea.sily seen that Su[) r{0\d'") is attained at 0 t) and Sup r{0\d^) = + 

1'hus we have tijially : 

Theorem 5.5. (l + \/ c)”^<InfSup r(0|f/)<(l + \/2)^^* 

d $ 

Appeixlix : — 

. • Here we prove that the difl’erence e<|uation (a particular ease of whieii w(‘ 
consid(Ted in (5.5) ) 

«0 = A'(0) 

— 2mVn^i+m{in— 1) = K{7ii.) for m>0 

has no n al solution if 

m 

^If K{ni) ia a constant then = 0^. 

Proof: — From 1) K{m) 
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or 


Siiir-i' hy HiippoHition 


- I , 

/// — I 


A ( mt ) 

-///I //( ~ I ) 


u 


. I • ■ m 1 j I . A ( ) 

/. Iim r ss i-lim -- 1 - 

— tn — I • 2fn(in — 1 ) 

j Kiffi) 

lini — < I 


iiiii - ^ . ''s o ami thrrofonj wt; havo 

'ltn{in — i ) 


li)0 


(a. I) 


Now it 
then 

ami then 


Iim 

“ - - m 


I ini ”* ; olq 

- m 

—8) ii> lor all i)! A’ .Y(S) 

~ " m - I -- I ) " A' ( W ) 

> («() — 5)* tn^-[-ni{ni — I j — K{)ii) 

"■ : 

- I -I) — I) 

' • J i I 4 (ao Si") sinft! S is arlntrary wo have the following result 

litii ao inipIioH that Iim 1(1 +«,^). . . . . (a. 2) 

»»i , i,j 


Now lot (Xq = i ami = i (l +a“ j) 

It is easily seen that the Me(|iienee {a,,} is a rnonotonie iiiereasing hounded 
seijiienei' and as sueh Iim a„ ~ a I'xists. 

* ot, = J (l 

/. malvin^^ a ->a) we ha\(‘ a = J (l+a“) henee a = I. 


Ihit lim - for everv n and iherofdro . . 

- — /// 

lim ™ 1 . 

r// 


.. (a. 3) 


A^ain aineo the differeneo eiiuation ean bo written in the form — 
a^.|) = m + K(r/f) we at once have 

1 JC(w) 




and siuee 


Iim - < I 

rn 


A lim 1. 


• . (a.4) 
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Heme there exists a 8 > 0 and an N such that 

W.V+.— M.v + »-i<l — 8 for t = 1,2, — ... ad inf. 

n 

/. ^ — 11 1) 

1 

<(l-8)w 

“ ^V + /^ ^ \ + n 

and hence making it-^oo wo have 


liin — ^ I — S which contradicts (a.3). . . 


ffi 


Thus the rc(juircd result is jiroved. 


(a.G) 


Summary. 

It is Kh‘»\vn that niiniinax <\stiiniif tn-s not'd not <*xist in many fa, miliar oast's unloSH tho jiani- 
Tiiotor spaoo ho trnnoatod or tho loss fnnotion suitahly modified. For Iho it'otani^idar distrilaition 
\\ it li nini;o ((I, 0) ( horo do not exist any minimax ostimut or for dil 1 la' loss fum tion I.a' of t la' Him})h^ 
zi<‘rd-orio typo, '^ria* case of tho lh»i.ss<ai moan has boon oonsidort'd in somo th'tails and a f'ow 
int t r<‘st ini' n'siilt.s ohtainod. 'Fla' mean 0 isassunaslto ho holweon (land I andtla* loss function 
is takon t(» Ix' tho stpiure of t)a' oiror. A eomplett' eharaet erizat ion of tho class (»f admis.sihlt» 
ost imaloj s is givou. Jt is pro\ cd that the loasl. fax’ourahlo n priori <iist rihut ion must ho disi roto^ 
for tlaT(' • xisls no estimator that |'ont*rutoH a ct»n.s(arit. risk function. Ihmiids for tho niinimuin 
of the maximum risk havf' also Ix'cn given. 
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AN AIAIAL FLORA FRO.Al THE LAKl (l-OWER KOCKNE) REDS OF THE 
N.ULMAL CiOROE (PUNJAB SAJ.T RANOKHl 
AROHAEOLITUOTH AMN I UM 


lif/ C. P. Vakma, M.Sc., Ph,D.^ FJi.S., DejHiritmnt oj Gvoloijy^ l.uchww fhiirrrsify 
(Coramimicated by S. R. N. Rao, F.N.l.) 

(Raceived July *26; read October J, lUal .) 

lNTKi)l)V( TK)>S. 


The grolo^y of tlic' Namnial 0(>rg(' srctiDii 40' : 7D 4K^) in Uio Salt Ranm\ 
Punjab (l^ikistaii), was tirst iniido known by VVvtuu‘ (IH7S). His pala(*ontologi(‘al 
cnlk*i‘tions wrn^ lator worked out l)y Waagen (1881) and (\)U])('r ILmmI (lOJI, 1044). 
The Naminal (iorge s(‘ct.ion sliows littk^ striielural eornpk'xif irs and ineludc's an 
almost continuous record of the Tetbys from tin' Permian M iridic Produntus 
limestones to the lA>v\(‘r Eoeene Laki Beds. (h‘e (lOtb) has give?) tin* stratigrajJiy 
of tile aT('a which shows the following sequence, in w’hieli th(‘ beds I liavo iioticcid 
to be algal-bearing are marked with an asterisk. 


Phusloeene oonglonuTates 
umumformity 


ijity 

1 Eocene 


Low'(‘r Xiniadries (Mioeem* — Pliocruud 
Time int(*rval; IL^girmal iineoidbrmity- 

♦ Sakesar Iim(\stoiu\s (laiki) 

Narnnml iiim^slones and shales 
Pal ala shales (Itanikot) 

* Khairabad limestones (Ranikot) f 

Dhok Pass beds (Ranikot) ) 

— (Time interval ; Regional unconformity)- 

Baroch limcHtoMC H IjurasHict ‘ 

\ ariegated stage J 

(K<‘gional unconformity) 

Kingriali Dolomites 


Kingi’iali Sandstones } ^ ^ 

(Conformable, transitional junction) 

Ceratite beds . . . . Trias 

Upper Produetus beds Permian 

* Middle Produetus limestones j 

(Base of the Middle Produetus beds not exposed) 


My studies are based on the specimens collected by Prof. S. R. N. Rao in 194f> 
from these beds at fairly short intervals. In the present paper I am confining 
myself to» ?in account of the various species of the g(*nus Arcftaeolitholhininiurn 
(Rhodophyceae) found in the Laki (Low^cr Eocene) beds of the Nainmal Corge. 


1 An iippor Crotacoous limostono at the upj>er part of tho Haroch limc^Btono with 
Qtohoiruncana has boon reported by Kao and Tripathi (1950) below tho Hanikot (Palaeocono) 
beds. 
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f'rjius An'hiu'n}ithothaifniinm was first d«‘fiiu‘(l by fiothpletz in 1891 to 
iin hidr forriH vMth isolated .sporaiij^ia distributed all ov< r the perithullium, there 
l>einj4 eofieept :U'|es to eiielose them. Lat<*r, Leuioine (1917, J). 24o ; 1939, p. 37) 
^ave a more (‘omprehensiei* d<‘finifiofi of the p-mis whicli ineludisl th(* following 
<lia^noshe eliiir;u*ters : isolated >fioraiigi.i , ovoid or pear-shajied, arrangetl in coin^ent- 
rie /.ones; h yp<a li.tllad eell*^ arranged in loose files without eonfinuous hori/ont;d 
partihons as in the trenus LithnthfUti niitm. Kaeh row i.s generally (Tee]a*ng or 
h<iri/ontal, hei'ornnig ohlif|iiely ere<‘t tr) merge gradually int(» the perithalliuin. In 
hranehf d specie.^ of \rrhnu)jifhnthntinnfiin the me^lullary hypothalliuni show.s a fan 
shajssl to eoncentrie arrangement of e#‘lls similar to that of /Jjhothanniifun or 
lAthoptnfllum t v pe Mile. I'fender (I92t», p. 2o) h;is eallf‘d attention to fh(3 
o(a*urrene«‘ ot seeondarv <»r reeurrenl basilar hypotliallinm in thr^ regions of the 
older perithallinm uIh n* the sporangia liave fh‘eayefl away. The presence of a 
re<‘urrent hy pot Indliiim has been eonsiriere<l (Pia, I93f», p. .‘In) t(> be (‘haracteristie 
of ilie genus, although sueh a tissue has also bi^en noticed in MfsophijUnm 
Sdvann nl hem. 

Af'rhdmlithffthdnnAnnn N. Rao has been described by him (1941, 

p. 11) to be ‘iiniijiie in showing a lendeiiey for eoneentriir arrangement f)f tlie eells 
of tin* liypotlialliiirn and represents an internn*diate ty[)e Ix^twerai A ichat^olilho^ 
Uuiunntnit and t Atht^ph t/ll n /tA It is interesting to note tliat Leinoine (1923, pp. 
97 t)!t) found in tier species lAfhf^pfifAl'^^f* (which she later 192S, p. 253, 

n*vised to M r>iiphf/lhnti ri‘j nfff ' an int<-riningling of the eharaetfTs (»f Li(h<t- 
thdffi nl f(ni and lAf/inpInflhnn 

'I’he genus slno\s an enerusfing hahit (»f the thallus \vhi(*li may la* slightly 
nodulatt'd or profusely lohed. Some lobes increase more in lieight and h>ok like 
liraiiehe.s 'fhougfi the <*verssive men‘a.«e m the h'Hgth (»f a lolx* is not eorisid(‘red 
to b(' a hraneh, tin* truly braiich(‘<I forms p<>ss«‘ssing a nn‘dullary hvfiot hallium are 
well known fr(»m France, e.g. .1. (nmnicnm Rothj)!., A. tun phlnxnjnnnr Roth])l. 
f4e. (.see Pfendcr, P92t), p[i 15 2<’0 and India, e g. .1. s/nnanrnsi.^f X. Rao (1941, j). 45). 
Arrhnnilith{»thttmnh! m species w'ith /onated fhalli an* sc'ldorn met with (.1. dif/ltaftnn 
Ideiider. A. now<', .1 lafnfrittrn-'iis K. S. Ibio. etc.). The /.onation is causeal 

either hy the supt*riin posit ion of a niimlx*! of thalli of tin* same or diffen*Mt species, 
or it may be due to the int (*realat ion i>f tliin streaks of Iinn*stone f>r by the 
alt4*rniit ion of ln*ights in the cell rows of tin* p(*rithalliuni hut true zonal-ion 
(*haraet('rist ie o\' I Ifhofhamnifnn ainl Mt'^nphtfUmn is not known. 

4'he (y|»<* of eorn*(‘ptai’les found in ArrhdrolUhnthinnnitun (isolat(‘d sporangia 
arrang« d in files), an* known to oeeiir in a rec’(‘nt. g(*nus Sp(tm}ifhnn pos.sessing 
erueiate t et rasporangia (s<‘e Fritseli, !!t45, p. t>55). Fritseli (1945, ])p. <>53, 955) 
n'gards that the kind of sorus found in Archat'nlithnfhanntion may well he primitiv'c 
and havr* led to the more defiin*d lyf)e see*n in l/ithothanmio}) and Kpilifhon, which 
in turn, may have resulted in the eoneeptaele with a single aperture. Such a viev' 
is justitied by eirtain similarities in developrm*nt\ Fnrtlu‘r, he states (1945, p. 
955) that the eharacters of tin* sporangial (*onceptaeh*s \v(*re more useful in tracing 
fin* aflinitics of the genera than the sexual eharaeters. lie suggests three lines of 
development iti the family Forallinaet*ae : First (*xem|)litied liy JAthothanmion and 
HpilUhon : st'cond by Mdofnsia^ lAthopht/lhnn, and t’/m/roae/na, and the third by 
AtnphiriMi and ('omUhiu. 

Tin* gt*mis lirst a|>p(*ars in the Lower Cretaceous and a f(*w living species arc 
known. 

Pn viou,^ ncords af (he tjenns Archaeolithofhannnnw in fndm. 

The earliest roconl of the genus in India (Andaman Islands) goes as far back as 
1929 when (liH* (1929) figured ainl described a s{H"cies under the name Liihoihamnion 
vumwuliticuw . The forms identified by (4ee under Lithothamnion nnmmnlilicum 
have been doubteil by S. R. Narayana Rao (1941, p. 44) >vho states ' L, nummuli* 
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(leum is now recognised to be A. nunnjnilitictun and Mr. (Jee*s description and 
figures leaee no doubt that his sjx*eies is an Arch(tn*lifhi>thiifnpntnii\ 

The same year (192b, pp. 4-G) Das (iU]>ta reeonh d two species of LHhothamnium 
(?) viz. L, i]randi,'i and L, cherrapunjif nsi^t whieli have been recognised by K. S. Hao 
( 194 : 1 , p. 2S6~2S7) to be the synonyms of Corallinn tpa/idis Hao and Arrhaf^oJifho- 
IhamniKm cherraputijivusi^ Kao (p. 272) respeetivtdy. He lias also recognised 
( 1 ?T4.V)‘ four new species of ArchaeolithoihatHnintfi froiii the Tertiary nu ks of Assam. 

The genus is also known from the TppcT (Vetaeeous of tlu* Triehinopoly 
district, Soutji India, where Pia (L. Kama Kao and «l. Pia, 19119) records the 
])resence of the following: .1. huponi PfendcT, A. off. jtrorinciah Phaider, .1. o.f. 
h/ro/nnlioidcs (Mich) Lem. and A. sj). indet. 

Two new species of the genus .1. rntnanepfsis and A. ninilcott^isis hav(‘ been 
d(\scri))ed from the Samana Kange (Lower lOoeeiud l^injab, by S. K. Narayana 
Kao (1941). 

ArchiieolUhothainniutn zonatutn sp. nov. 

(PI. XIT, figs. 1 and 2.) 

DiiUjruiW : 

Thallus micrusling and slightly inammillaLd; pcTithallial lattice* showing a 
coinjiact mesh of ci‘lls with W(‘lbdetined v<‘rtieal and horizontal c(‘ll walls; zonat-ion 
notio(*d. Cells rectangular to sejuarish, Hypothallium fec'hly reprt'senled. 
Sporangia big and ovoid. 

M va.'^uremetdfi : 

l\‘rithallial cells 
Ilypothallial cells 
Si)orangia 

Ihu'^cripfioti : 

Thallus ('TUTUsting, slightly mainTnillat(*d or lob(‘d, branch(*s not known. Th(‘ 
pcrithallial lattice consists of s(|uarisli to mostly r(*ctangiilar (*(*lls. I'he horizontal 
and V(*rti(*al cell walls an* well defned. Sonu'timcs, scjuarish c(‘lls an; observed 
below tlie s]>orangial row's. Tin* thallus giv(*s a, distinctly zonati^d ap])earan(;(\ 
Th<‘ hypothallium is feiddy d(*velop(*(l and consists typically of horizontal 
tiles wiiicli gradually bend into tin* perithalliuni. Most of tlu^ hypotfiallial 
c<*lls measun* !:> p x lt)-4 p. Tin* sporangia arrang(*cl in straight or slightly 
curved til(\s. The speci(‘8 is characterised by a zonaLal p(*rithallium, and sporangia 
which are the* biggest among the so far known Indian species. 

( 'owpariso7t : 

The thr(‘e, species of tin; genus e.omparable to it are: /I. luponi ITender, 
descril)(*d from Triehinopoly district (Hao and Pia, 19:i()); A, mwanm.sis Rao from 
the Samana Range, Punjab and A. jlori4(mum dohnson and FcTris from Florida. 

Though A, luponi shows some resemblance to the n(‘W species with regard to 
the dimensions of the perithallial cells it has, howciVer, sporangia of smaller 
dimensions. 

A, mmamv,9i9 Rao, makes an approach in respect to the dimensions of the 
hypothallial cells but shows differences with regard to the, perithallial cells and the 
shape and size of the sporangia which are ‘ovoid rectangular in shai>c, the two 
vertical sides almost str^iight and parallel, the roof flat to slightly convex and the 
base tapering to a point’ (Rao, 1941, p. 47). The sporangial measurements of 
this species as measured in the type slides are noted in the following table. 


.. LVI8 2/i XI0‘4~ ir>b^ 
.. i:i ]r>(\p X 10- 1 \:ip 
.. 1I7-M8/X X p 

mostly i:>0 p X br> p 
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A. fit tridan urn hIiowk fairly big and ovoi<l sporarigia but clt»arly diflerH in the 
perithallial and fiyjxjthalliul ( ehurueU rft uirI the nieusiiremeiits of the vegetative 
eelLs and t)ie sporangia. 


S^'riul 

N.». 

XiiniH. 

in p 

Ifyjjothallia] 
(■♦•lls in p 

SjMirangin 
in p * 

1. 

/I . Pe/ror» t 1*1*. . . . . 

1-.; 2<» > h 111 

:jr. - H 

100x 40 r»u 


.'1. ttHmfiiii'tiMiM X. Kiui . . 

‘2'A , H 1 

i L* / 1 ; 0 

101/ r,L» 


A, flifTXiitifinm khU 

t rn i.M. 

TA ? \ 4 


si~ioiivr»i? 07 

1. 

A . zotmiuftt Mjj. in)V'. 

i:{ m i - 

ir.-a 

JA IfrSx 1 

lA 

i.'joxnr) 


J. zotiiiifun, bcsidt^s Kliouing inark(‘<l difbTences in the menMireiUents of (li{» 
vrgftativc thalluH, in rernarkublo in p(»s>cssing a /.otiated peril lialliuin witli 
sporangia whose dimensions surpass any of Arrhaujlif/fntham/di/fn sfusits so 
lar reitorded from India. Tbt‘ spe(uli<‘ narm* is iliereforr, aeeorde<l to 

tlie.se forms wlneli are readily distinguished by their zonatid p(‘rithalliiim with 
remarkably big and ovt)id sporangM. 




Arrhaf^olltht^lhtnfi fHifTtt lakir^hsis sp. nov^ 


(PI. XII, fig. 3.) 


'riialhis tauTUsting and slrongly nodular; peritliallial laltiee very regular, 
compaet and made u|i of s<|uarish eells, sometimes vertical (*ell walls more 
|)rominent. Perithallium very massive, liypolhallium scanty and observtd witli 
dilUeulty, ab.seiit in most eases. Sporangia ovoid, haitieular in vertical H<‘etionH, 
arranged in rows. 


Afens'a;*emr///,s’ : 

PiTithallial eells .. 7-S lU-4 p x 7*S lo l^x 
liy[>otliallial eells . , Al)S(*nt i not observed with certainty. 

Sporangia bo 72*<S p X 33 33 p. Ovoid, about twice, as 

long as broad, giving a lenticular aspect in 
longitudinal vertical sections, mostly 72 p x33-8 p 

f)€Jicriptioi} : 

'rhallus encrusting and strongly nodular. Tliiekncss of the perithallium 
v'uries from 0*33 mm. (in primary thallus) to about 2 S mm. (in a nodule). Th<‘ 
general ]>erilhalliiim made up of a eomjwict lattice of squarish cells mostly measuring 
7*8 p x7 H p, whih^ tlie eells ot the bigger size ltt*4 p X 10*4 p are generally 
observed near the fertile* zones. Any structure referable to a branch is not knowm 
from this sjHunes. The sporangia are long ovoid, apiK*aring lenticular in vertical 
sections and arranged in tiles. Tlu* sporangial row's are generally contirmous. In 
iho nodules as many as 2i> or more sueh sporangial files may be present; in such 
cases these sporangial files are raon* or less regularly spacini, the smallest distance 
separating two adjoining rows being 33 p. 

Sp()rangia approximately twice as long as broad and in majority measure 
72 p \33 S p. The presence of the liy}x>thallium has not been noticed with 
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certruiitj^ tlunigli in one specimen some obliquely cut cells could be observed below 
the jKTiihulliuin. In all others no hypothalliiiin is noticed. 

Co7nparusori .<! : 

A. makes an approach more or leas to the following forms known 

India: A. aff. provinciale. Pf., A. ranilcoUtnMit N. Rao and A. iwngstnvenfii/i 
K. S. Rao \vii\\ ros|>ect to its sporangial measurements. 

Thir prt'sent spt'ciea approaches A, aff. provinciale deacribed from Cretaceoua 
of vS. India with regard to the sporangia! measurement s ((>() 7(>ftX 30fi in A. aff. 
pKjrincifih’ whih^ differing from it in having the j>erithallium made up of 
small and perfectly square cells (15- 30/4X7- 10 ft in A. aff. proviticmle; 
7S lO-4/xX7S lo tft in A. lakunsis) and in the absence of the alternating 
/.ones of l)igger and smaller cells in the proiii beranees which arc describt'd in 
I. aff. prorinciale by Pia. Ht* states (1030, p. 37), ‘It may be pointed out, 
however, that if fairly resembles ArchavolilhoiJutmiiiuvi provincAale. as described 
by I’fender. It is mainl}'^ distinguished from this species by the alternation of 
thicker and thinner ctdl strata described above. Pfender states positively with 
resjK*i‘t to the e(‘lls of the jirotuberancjcs : ‘ Les rangf^^s sont r^gulidres et leur 
hauteur ne varie ({u' iusensibhmient’. 

d. ranlLoIrtisi.-! X. J^ao differs from A. lakifnisis in having regularly oVoid 
s])orangia of 42 /a X OS /a in si/(‘, in having comparatively bigger peritliallial cells 
S 10 /A < 20-30 /A and in th(‘ presence of the hypothallial tissue with ‘cells nearly 
s<jiiare measuring ti/AXS /a' (1041, p. 4S). 

Among tile Assam forms of Archa(\oliihoihaaiynum , A. lavyrinenMs K. S. Rao 
aTid J. (urhisporan<fia. K. S. Kao are ruled out by the shape of their sporangia, the 
former witli tra])<*/oid and the latter with sporangia having parallel lateral sides, 
flat l)as(^ and archied roof. 

noitgsirifif'ti.As K. S. Rao differs in having considerably smaller sporangia 
(50 /A X 25 /a), ])resence of hypothallial cells 30 /a X 10 /a and rectangular cells 
20/ax11/a forming the pcrithallium. A. hewchandri K. K. Rao is also very 
different in possessing spherico -ovoid to nearly spherical sporangia (5(t~-55/AX 
40-45 /a) and the thallus with rectangular perithallial cells (10-12 /a X 8 40 /a) 
showing secondary liypothallium, thougli the primary hypothallium is not present. 

One otber species .1. gosavieiune, Itothpl. shows certain similarities with the 
present form. A. gomvitztw. is similar in general appearance of the nodules and in 
abimdanci^ of t he /ones of sporangia in them. It is described as possessing cubic 
cells whi<!li would certainly appear almost squarish in sections. But it differs from 
A. laldensis in having a very well developed (Pfender, 1926, p. 12) basilar 
hypothallium, and in the smaller size of the sporangia 60 /aX3() /a. 


ArcfuieolUftofhximniutfi naftmialeMsis sp. nov. 


(pj. xir, fig. 4.) 

Dia^jvofaH : 

Thallus encrusting and thin, running for several centimetres in length. 
Perithallial lattice less distinct, occasionally a little lobed or maramillated. An ill 
developed hypothallium present, small circular to ovoid sporangia seen in vertical 
sections and arranged in files among the rectangular perithallial colls. 


Measurevipnts : 

Perithallial cells 
Hypothallial cells 
Sporangia 


94 - 13 /AX 10 - 4 X 14 - 3 /i 
9 I - 13 /AX 91 - 10 - 4 /A 

46-62 /A X 31-39 /i ovoid, mostly 62 /a X 33-8 /a. 
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'rhallus vvry thin, gt rii rally 132 297^1 uide, running for 2 3 omH. or more, 
iKHHsionally ruxlulufod to lodgt* tlin Hporangta) rovvH whirh art? 2 to 3 in number. 

[lallial tjh.nui- loinpo.srd of an l.'iUi<*f of rectangular cells. Tho 

biggrst rexluh* whown hen* (pi. XII, hg. 4) mcjisurcs a little more than a rnilUmetre . 
and ht*arH only two rows ol s]>t3rarigia st^parated by about 213 p,. 33ie 

si en in v'C'rtical section are «>void to circular, the latter asjK'Ct of the* sporangia 
may be, tiu* result of the obliipie plane in vvhii h tin* thalius anti the sporangia are 
cut. Sporangia mostly measurt! 52^x3.38/1. Hypothallium present, ill 
develojMsl in most cases but is very vv<31 seen in one sp(*ciinen (pi. XII, fig. 4). 


( Ujtn par mm H : 

J. yninm/ntlt'tfsiM otters a littlt* t^omparison with .1. nnyajHlrinensis in general 
HHpeet of file tliallus while it (litters in the shajM* and si/e of the sporangia (circular 
to ovoid, 52 /I - 33 H /I in .1. Ntihnnalf‘ft.si.s\ ovoid, 5<t/ix25/i in A. 
cfhsis) and in having smalh^r cells in ilie pi^rithallium and hypothallium (those in 
.1 . intnisis being: p(‘rilliallial cells 2o /i X 1 1 /i, hypothallial cells 3t> /iX Itt /a) 

and in other minor details. 

AerKNorx. 

3'a.ble for tin* det(‘rminat ion of ArchtuHAithotkatymintn spe<‘ies from India 
(liased ofi Lemoine’s classilicatiou). 

Isr SK<’Tr(»N. Trs8t;K Homooicnkocs. 

((/) Speeit's t'laistaeeous : 

(1) l*('rilhallium .. I2-2tt/i'*S It) /i 

Hypoiliallium .. 35/iX8/x 

Sjxirangia . . It)() p v to 5t) /i, ovoid 

Age and Locality .. Daniaii, Trichinopoly, .1. lurjeoni Pfender. 

(2) P<*rithallium .. l^(*sent 

Hypothallium . . Absent 

Sporangia . . 1)5 /i X 4t) /i ovoid 

Age and Locality .. Daniari, Triehinopoly. A, c.f. lycnpenlinides 

(Mich) Lera. 

(3) PiTithalliurn .. 2o 3t) /i x 8 10 /i 

Hypothallium .. t)/ix8/i 

Sporangia . . tlS /i ;< i2 /i, ovoid to irregular 

Age and Locality . . Palaeoeene, Samana Range, Punjab. 

A. rafnfcotf'N^s S. R. N, Kao 


(4) Perithalliurn 
Hypothallium 
Sporangia 

Age and l^ocality 

(5) Perithalliura 
Hypothallium 
Sporangia 

Agt» and I^ioality 


20 fxxll fi 
30/1X10^ 

5t) /I x25 /i, ovoid 
Lower Eocene, Assam. 

A, nontjsteifien^h'i K. 8. Rao. 

I<l~l2/ixS- lO/i 
Absent 

5t )-55 fjL X 40-45 /i. Spheri(X)-ovoi(l to nearly 
spherical 

Lower Eocene, Assam. 

-1. hemchandri K. S. Rao. 
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(6) Perithalliuni 7-8-IO-4/ix7-8-10‘4/i 

Hypothanium .. Absent ( ?) 

Sporangia .. 65-72’8^X 33-39 p, ovoid to l«>ntieular 

Age and Locality . . Pnlaeocene, Nammnl Gorge, Punjab, 
d . laktensis sp. nov. 

(7) Perithalliuni .. 91-13 ;*Xl0*4~14-3/i 

Hypothallium .. 9'l-13/aX91 -l('-4 

Sporangia 52 /iX 33-8^, ovoid 

Age and Ijocality . . Palaeocene, Nanimal Gorge, Punjab. 

.1. tiammalen/ii.'! sp. nov. 

(6) Species branched : 

(1) PorithaUium .. 8-12/xx23/i 

. Hypothallium .. (b2~9/*x 12-4 ^ 

Sporcangia .. 93- 104/*x3!>-62p, ovoi<l rectangular, vertical 

sirles straight and jinrallel, the roof fiat to 
slightly convex and bas«' tapering to a point. 
Age and Loiuility . . Palaeocene, Samana Rang<>, Punjab. 

.1. mnia)ienfii/i S. R. N. Rao. 

2no Section. Tissue SirowiNo an Alternation in the IIkioiits ok Rows. 

(1) Perithallium .. 15-30/iX7 -10/t 

H 3 rpothallium . . Absent 

Sporangia .. 00-70 /*X 30^, ovoid 

Age and Locality . . I )anian, Trichinopoly. 

A. ajf. provinciate Pfendcr 

(2) Perithallium .. 35-40-44 /*x 22-15-40^ 

Hypothallium 

Sporangia . . 55 /* x 44 /t, trapezoid 

Age aiul Locality . . Middle Kocenc, Khasi Hills, Assam. 

A. lanyrinensia K. S. Rjio 

3bd Section. Tissue Zonated. 

(1) Perithallium .. 20-26 /iX 20-28 ft 

H 3 ^thalliura . . Absent 

Sporangia .. 00 /tX 30-35/* Parallel sides, Hat base aiwl arched 

roof. 

Age and Locality . . Lower to middle Eocene Khasi Hills, Assam. 

A. archisporangia K. S. Rao. 

(2) Perithallium . . 13-1 8-2 p x 10-4-16-6 /* 

Hypothallium . . 1 3-15-6 /* x 1 0-4-1 3 /* 

Sporangia .. 130 /*x 65/*, ovoid 

Age and Locality . . Palaeocene, Nammal Gorge, Punjab. 

A. zonalum sp. nov. 

Summary! 

fleneral remarks on the characters of the genus ArehaeolUhothamnivm, together with its 
previous records in India, are made. Three new species of the genus discovered from the Laki 
beds exposed at the Nammal Gorge (32® 40' : 71® 48') in the Punjab Salt Range (Pakistan) are 
described. In the appendix a table for the determination of the Indian species of Archaeo- 
liihothamnium is given. 
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Kxpla.vatton of Plate. 

Plate XTI. 

.4 rchaeoUthothamn in m . 

Fro. 1. d, zonatnm sp. nov. Niuirly vortioal aoction thnai^h a thin orust showing Fo 
Hponini^ia arran^od in a contmu(»ua ar<‘hod ro^s^ Tho two coll rows below it nhow 
m>Tnowhat stiuari.sh oolls. x5<». 

,, 2. . 1 . zonatnrn Hp. riov. Ohlitpady vorfioal section passing through tho fta-tilo zone, 

Hht>winj^ tho zonatod porithallium and tbo ovoid sporangia in the upper part. In 
the loNVt'r part tho spomn^ria aro .soon cut somewhat crosswise. xTif). 

„ 4. A. Inkienjiijt sp. ntn'. Nearly v'ortical longitudinal K<N*tifin through a primary thallim 

showing lenticular sj^orangial rows. x5(b 

,, 4. d. nammalrnstM sp. ntn'. Nearly vortical seetitm passing throiigli a nodule, showing 

tht» arched rows of circidar to ovoid sp«>rangia and tho h>T:)othallial tisaue. x50. 
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Introduction. 

Olio of us (Hora, ]922, 1923) disciissod the systematics of the Glyptostenioid 
fishes of the family Sisoridae nearly a generation ago and a great controversy has 
rag(‘d since then n^garding the views expressed by him. Examination of the 
abundant material in the collection of the Indian Museum and the views of many 
eminent ichthyologists on the nomenclature and taxonomy of these fishes have 
enabled us (1951) to attempt a detailed revision of this remarkable association of 
fishes. We have now been able to recognise as many as 7 genera and 19 species 
pertaining to the OlypioHtPrnvm-^oxxp of fishes. The main diagnostic characters 
on which they have been separated are: (i) dentition (slructure and arrangement 
of teeth); (ii) nature of gill-openings (whether rcHtrieted to the sides or extending 
to vTntral surface); (iii) extent of pectorals in relation to the position of the pel vies; 
(iv) nature of labial groove (continuous or discontinuous) ; and (v) the number of 
rays in the pectoral and pelvic fins. Habituated as those fishes are to torrential 
waters and rocky streams, the adaptive significance of the above characters cannot 
bo doubted. It is the purpose of this article to evaluate the significance ofHliese 
characters in the evolution and adaptation of these gcuicra, and to show how 
ecological conditions or geographical isolation have brought about a great diversity 
of form and structure among them. 

Glvptostbrnoid Group: Structure of thb first hay of Pectoral and 

Pelvic fins. 

The name Glyptostemoid fishes is restricted to Olypiostemurn McClelland and 
its closely, allied forms, and does not include Olypiothorax Blyth, Pseudecheneis 
Blyth and similar other allied Sisorid genera. The fishes of the Glyptostemoid 
group can be readily distinguished from the other Sisorid fishes, which also live in 
rapid waters, by the absence of an adliesive apparatus in the thoracic region and 
by the complete segmentation or pinnate condition of the first ray of the pelvic 
and pectoral fins. In Olyptostemum McClelland {aensu stricto), * the first ray of the 
pectoral and ventral fins soft and pinnate, giving off soft pointed cartilagenous 
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ravM tfn* antt^rior margin; which arc eiivelojKnl in the membrane of the tin* 

(MeCtcllainl Is42). In Hora tV Silas, ^ Ularidtujlnni^ Norman, Enchilo- 

fjUnnn K(»^an and M f/rrsf/laffix Hora tV Silas, ^ soft, pointed, oartilagenous rays are 
present, hut the rays themselves are distinguishable, though segmented in part 
or \vh<»lly. In KxoMomu lilyth, the nws are not pinnate hut are completely 
segine)ited. In rt‘gani to the nualilieations of these rays, \\*e have thus an 
evolutionary series from AVo.H/f>;;,r/dype of structun* to the 07//;>/o.s/f r/i/oe-type, 
an<l there is little doubt that these inodilieat ions have* an adaptive significance. 
The pinnae <>r the carlilagiuious rays correspond externally to the ridges and 



IV.XT Ffo I. Intenial slrte turo of tho outer ruy oftho perlonil spine in: 

{a) hJ,ro,^tnmn lnhiritiirn. (t») EuchilotjUwis hothjurii. (c) (\>rnglanis kuhinouyet. 
(ti) (Jlyjttosfrnntm rettc*iUittim , 


groov<*s of the skiti on tlie ventral surfaeevS of tliese rays to vvliieh the function of 
adhesion has been transferred from the thoracic region. In this character, 
Exostowa is least special isetl. In fact, Blyth (lHt>0) in creed ing this genus stated 
‘otherwise generally similar to (Uuptothouur^ but with no pectoral disk’. We also 
cimsider that the gnnip of (dyptosternoid fishes, as defined above, originated from 
(Hijpiothorax-WkQ anecwstors under the stress of stronger currents and necessity for 
more idfieient mechanism of adhesion. The segmentation of the spine makes it 
pliable to stresses in swift currents and its pinnate nature affords a greater adhesive 
area to bo applied to tho substratum along with flexibility. 


' 'I'lui descriptions of the new genera and speeios are imder publication in tho Records of 
Ow Ifniion Aluecum, 
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Tkxt*fio. *2. Ventral view of the GlyptoHtomoid RhIioh nhowing tlio nature of the labial -fold: 

(a) Olyptosternuvi reticulatum, (6) Coraglanis kishitwuyei, (c) Kuchiloglania 
* hodgarii, (d) Orcoglania aiamenaia, (e) Kxoaiortxa labiatum. 

Lips as organs of adhesion: Labial fold continuous or interrupted. 

Another character by which Blyth distinguished his Exofdoma from Qly- 
ptoihorax was the nature of the lips. Ho stated that in Exonioma *Lix)8 reflect^ 
and spread continuously round the mouth, so as to form a broad flat sucker*. In 
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N|MM of (tlyptothnnix^ thr lipH are papillatt*<l ami servo as organa of adhoHion 
(iUuitia, 1950). In like <J. hrrrai Shaw ami Shehhoare, the thoraeio lulhoHive 

apparatus f^xlc rids as far forwards as the lips. In the sfKaies of Glyptoihomx, in 
vvhieh striated adhenive pfuls anr dev4*loijed on the under Hurfaee of the jH*lvie and 
j)©ct(»ral Hpiries, the mlhosive organ on the oh<‘Ht is roiluced. Thus to i ornhat the 
effeot of torrential eurronts, the lij>H as voell as the {ieetoral and pelvic tin rays an? 
both pressc fl into serviet* for j)iJrpos(*H of adhesion. Wherefis in forms like A'xa^forna, 
OrPinjlanif^ and MytrsylaniM^ both the lips and the fin rays are (‘(jiially useful for 
adhesiv'^e purpose's, m (Mly/tff*Mff rnum, ( orayhriis^ K nrfiilof/lani'* and ( iUirid(Hjhinis 
the fuin^tion of adhesion is more or less nlegated to the* tins anti in eonsefpienee* 
the labial fohl is int<*iTU[)t<*d and the lips are not r<*lie‘etefl and spre'ael continuously 
round the menitb. The\v live in deM jHT wate'is of the main rivers of (Vntrul Asia 
when*! tlu' swift m^ss ed Cenre-nt eioe‘S not afleet them to the* saim' extent as in small, 
shallow, tornuitial streams. As, owing tei the* posifif)n of the tooth-bands, tlie 
immth cannot b(‘ e^omplctedy closeel in Exn^totim^ (hroyUtnis and M yersylriHis^ tlio 
suctorial lips may liavc arisen as a n‘spiratory ad/iptation so as to pn‘V(‘nt the 
outflow of wate*r through the* nuMitli during the expiratory pliasc of respiration. 
Neu-mally, eluring e xhalation, me»st fish(‘s kee‘p the*ir mouths shut but owing te) the* 
position e>f the* tootli-bamls, this is not possiblr in tliese* (isht*s. 'riie* I)re)ad, re(lee*ted 
lips reuinel the' mouth ne>w .s<‘rve' both at the time* e)f e*xhahition anel alse> whe*n the* 
tish wants te) secure* a firm hold to the* sulestratum during floods. In both cases, 
the fune'tioii ed* tin* expan<h*d lips n*mains the same* — adhesion. 

Inskk h\yn of faihfo fins: PiiKssruE-RKDroiNu DFvnu:. 

In s|)<*e*iali»e'el hilbstre'am fishe*s, it has he<*n ])oint<‘d out by one cd’ us (Hf)ra, 
MKIO, p. 21 S), that tlu* inne r rays ed the* pairc'el fins an* use*d for jiiimpinjr e)Ut h*akag(* 
wate*r from the* ve‘Utral surface* of the* lish so as to reduce pressure* on tlie \e‘nlral 
surfac'e* for <*nsuring pc'ifeat adhe^sion to tlie* substratum. In fe»rms, in wlnc'h tlie 
first rays of tlu* pee’toral anel ])elvic fins have* foniu el an i*flie ie*nt organ of adhe siem 
eir the eiirrc'ids are not so t (*mpe*sl nous, tlu* iuM‘d for ))umping function is prol^ably 
le*ss and the*n*fore the number e>f such rays n’lnains small as in (tlyjtfosff rrmtn 
(P. l/ll); ( 'arftylanis (P. 1/13) and (Uaridiujlntn'i (P. I/HM. Pectorals elo ned ov(‘r- 
la]i tlu* p(*lvies in tlu*se ge*m*ra. anel an* separalc'd fre^rn (*aeh ()th(*r by a considerable 
elistancc. In Uxodofna, where the function of aellu‘sieen is sliarc'd hy the li[)s and 
the* first rays of the ]»ain*(l tins, the number of branche*d rays in the pectoral fins 
is aho le*ss (P. 1/lP 12) and tlu* pectorals de> ned overlap the pclvics (exception, 
ytifnffint'nsis wlu*n* tlu* pe'ctoruls have IT rays) .luelging freun the* staiulpoint 
of futu'tiorial morjdudogy of the charae'ters ed fe>rms like* Orroylati and J/yrrs. 
(jhinis^ tliey would appear to lu* l»i*tter adapte'd, for a torrent life, for besides 
[lOsscKsing aeilu*sive* lin rays aud lips, they po8se*ss as many as If) 19 braneheul rayt) 
in the* pectoral tins. The* pectorals do not, hens ever, overlap the* iK*lvics. In 
OrnHjhtnis mneroptnus tlu* pe'ctorals ov<‘rlap the* j)e*lvics thus (onverting the 
entire ventral surface into a suck<*r. In Kfichiloyttihi.s hxhjarii (Heira), tlu^ jieed orals 
just ovuwlap the pelvies and the* number of branched rays in the })(*ct orals is 17. 
The iiKTe*ast* in the number of branched rays in the paired tins and the extent of 
the peete>rals in relation to the pelvie's are highly adaptive* modifications in hill- 
stream fishes. 

, 

Kxtent or (irnn-orKNiNos: Hestkictko to above ok Extending below bask 

OF pec TOR A L. 

With the exception of (Hypta^ternum^ which is u Trans-Himalayan genus of 
deep, swift, roekv rivers, the gilbojHuiings in all other genera are restricted to the 
dorso lateral sides and do not extend to the ventral surface of the fish. In all fishes 
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that apply their ventral surface to some substratum, irrespective of the habitat 
they may live in, the Iomw portion of the gill-opening becomes non-funetional and 
gets gradually closed up. The lediietion of gill-openings in t lu^se lishes is furt her 
facilitated by the fact that the torrents are well-oxygenated and the lishcH have 



'I’l^xT -rio. :t. Natnrn <jf t]jo (Sill openings in ili<' GlyjitoHtornoki iiBlum: 

(a) Corafflartis kinhinouyei, (h) KuchiloglantH mtuitiffis. {c) Kxoptotmi vinciyu- 
ernic. (<i) Qlyptostervvm reticulatum. 

developed gill -pouches to retain a certain (piantity of water in the gill-chambers 
for respiration, like air in most air-breathing fishes. In sjwcies of the same genus, 
one finds that the extent of the gill-openings may vary when it is n^strictcHl to 
tlie dorso-lateral surface. Tliis is, however, an evolutionary phase in the reduction 
of gill-ojxmings to small oi>enings well above the bases of the pectoral fins. 

Geographical Distribution. 

Before considering the above characters collectively as constituting gemTa 
and species, it is necessary to give the geographical distribution of the various 
forms. The following table and the accompanying map give the distribution 
pattern of the various species. 

It will bo seen that Glyptoaternum is a trans-Himalayan genus with two well- 
defined sjKJcies, one in the w'est (<7. reticulaiuw) and the other in the east 
((?. macuhUum), These two species may have had a common ancestral form when 
the trauv-Himalayan portions of the Indus and the Brahmaputra had more 
connections. Now the two forms are isolated and have diverged from each other. 
0 . akhtari is closely allied to 0 , reticulatnrn, a widely distributed and variable species, 
but has developed specific characters just as the Bamian Trout {Salwo truita 
orien(alis) became a distinct race in this river. There can hardly be any doubt 
that the ancestral form of Glyptosternum must have had been a Olyptoth^axAike 
ancestor. The dentition, the mouth parts, etc., are of a less siiecialized nature. 
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Si Xami^ <;f Sjj#>< in«. 


r)iHtri>.mtinn of ty»t' Sjiocif^a. 


fih^ptnHtt^rntim rt tirnlaiurn M' ( 'lojlftnd 


OV/ploHUrn^nn tnacftlntum 
(ihffjioHtrrftiifn nkhtnrh SiloH 
( '(traffluruM kinkiunu>f(*} (Kinnira) 


lOtcft ilf>glarf in damdi ( Shu v * ) 

K uckilwjlaniA yntfzoMt^nui Norriian 

f\urhiinfjl/ini^ Jfae . . 

KuchilfujlnniH ik SiIum . 

A/’ > icPt iltMfht tt XM mmirotre. ma N« » r r 1 1 h n 
Myerwjltitiis hlifihi (I>Hy) 

( tlaridtHjlauiH miderftonii (Day) 

'! OrfftgUinis macro fUrrun ( Viri<*iKM»'rra) 

Oreoglani/i Miamco/tifi SiiiiGi 
hJjcoMi^ma hcrtlmocri l^lyth 
Kxoafotmi vincujut rra 

h^xfK^tonia sioarti (Horn) 
kJxoMorna labvitum M<'( 'lollurul 


KxoAtoma ytinaafa^nitiM (Tchnn^^) 


Hftrwnn, Kol>if«o, Lndnk, Srn orna, Hasn't), Loh, Fall- 
Hi^m in Kashrinr; ( hitmi; I'Hj'liirmn and Snrchab 
I rivi PH in Af^^ltHnistan. 

1 in Sikkim. 

I Hamian riv*T. Oxus U'atri* sJa il, Af'^mnistan. 
j rh»'nj/tu and Kiafinu (Min Hivor l>raiimp') Szoflmon, 
i f ’1011*1. 

IMjiirpin^, Xi-pal; Knrsoi .n^r^ UiyanK »^nd Knn^^bi 
riv'om, T» osta Viilloy, lMrj*‘« )inK ; Uotnn^ and Hon- 
intr, Ab»»r (‘nuntry, Aasrini. 

Kaatom Tibot. 

bo niu-Ho, bilnitary of rivor Mok<*nj? al Larnpinf?, 
Vunnan, China. 

l*|)f>< r niirriiH (Tik>' iinrl Nga Kyankka Kyonkguo). 

bofrtlity iind«t<*miijitd, (rnc*st probably Yunnan, 
(’liinii). 

Xg<*i-Tio, (’ol d(<s Xiiagf^H, Tonkin, lndo-( Jliinn. 

Phiirping in Wpal. 

ll»»niA, Y'unnnn ; Corisof^^ Chirm. 

Cppor Huriim, Kakhyan Hilln, and i'a/j, Mokong, 
fii«pi Stato. 

Kiv'*‘r K>»ng noitr Doi-Anga, Siam. 

'ronuHHoriin, Hunim. 

Putao IMain'<, N.M. liiirma. ‘(’at* in* Hunna, Fn/.i 
M«*nghong, Hsipi Staro, X. Shan-Statrs. 

Xain Yak Hi\rr, Futao IMains, X.K. fhinua. 

Kgnr Ktrc'Hiu botwron K< ning and Iv<<luiig, Abor 
(’ountry. A-'v^ain; Jd/.o rivrr (Ti/>a rivor) Xaga Hilla, 
.A.s.Harn. 

Yunnan, (.’hina. 


Corriijlanis from vS/.ochueii, in its dentition and mouth parts, is similar to 
(Hi/p(ostf'rtntfn hut in tiu* possession of more rays in the jrectorals, it shows bettor 
adaptation for life in torrential streams. A further jiroof of this assumption ie 
aflorded by the faet that, whereas the gill-openings (‘Xtend to the ventral surfact' in 
(Uf/ptostf'rnuni, they an' rest rioted to above tiu' base of the pectoral spine in 
('nraghtuis, 1’here can be no doubt of the giuieral athnitu's of the tw'o genera w'hilo 
their divergences can be attributed to the I'cologieal eonditi<»ns under which they 
live at prt'st'nt, (tlffpfo^ttrrn ft?n in somewhat deej>er rivers and Cornglnnii probably 
in streams more liablt' to tioo<ling. From the distribution pattern of the two 
genera, Yunnan wmild apjit'ar to be the centre of their origin and subsequent 
(listribution to the west, and east during the Pleistocene. 

HurhiUhjIatn^, with six sjHUMes, is distributed from eiistcTii Tibet, Tista drainage 
in Kasti'rn Himalayas, through Burma and Yunnan to Tonkin in Indo-Cluna and 
to Szeehuen in (^hina. The to{>tli-hand8, thougli somewhat restricted, are not 
very different from thos<» of (Hyptosirrnutn and i 'orwjlanxA and the mouth parts 
are also similar. The Eastern Hiinalayan s{)eeies, E. hodgaiii (H(»ra), is x>€rhaps 
the most highly sjH'eiali/.ed member of the genus. In this species, the jx^ctorals 
overlap the pelvics and possess 17 branchetl rays. 7'he gill-oj)enings are greatly 
restricted. In E. dandi from Eastern Tibet, Yunnan and Szechuen the jpectorals 
just reach the j>el\ncs and the nuinher of hranehod rays in the pectorals \'arie« from 
13 to 15. The gill-openings are greatly restricted. In other species from Yunnan, 
E, mgza^ionta and A;, .si/n tlie pt'ctorals arc separated from the pelvics by a 
considerable distance and the number of branched pectoral rays is 14 to 16 in JB. 
nnfzadofna and 13 in E, •nnenciis. The gill-openings are greatly restricted in E, 
mtjziMtmm and extend to the base of the pectorals in E. sineim.^. In Upper Burma, 
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wc have E. feae in which the pectorals do not overlap the pel vies, but possess ir> 
branched rays and gill-openinga are very much restricted. In the liulo Ohineso 
species, E. macroirevm, the pectorals do not overlap tlie but pix^sess lb 

branched rays and the gill-openings extend to the base of the pectorals. 

Of the six sjxjcies of two are known from South (^hina (\unnan), 

one from Eastern Tibet, Yunnan and Sy.echuen, one from l-pper Burma, one troni 
EiistcTn-Himalayaa and one from Indo-Oliina. .hidging from the number of 
branched Hn rays in the {X3Ctorals, the Eastern Hinuilayan and tlu* Indo-Chinese 
species are better sjK^cialized for life in torrential streams whereas specaes in the 
intermediate regions with Yunnan as the centre show' various grtidations and 
combinationB of characters. Like GUjptostrnunn and ConujUinis^ in Kuchiloijlanis 



Tkxt-fio. 4, Map Hhewing tlio present day distrihutien of the (Jlyptf»Htomr#id F'lshf's and tho 

probable routes of migraiir)n. 

all the teeth in both the jaws are conical and pointed but the teeth in the upper 
jaw form a slightly bilobed band which is not prcKiuced at the sides. From a 
zoogeograpliical point of \iew', it w'’ould seem probable that EurMlogUifiis w^as 
evolved from the supposed ancestral stock of the (Hyptosiernoul fishes later than 
Olyptosiemvm and Coraglanis because of their very much more extensive distri- 
bution ijid became distributed within a narrow’^ belt comprising Eastern Tibet, 
Upper Burma and Eastern Himalayas towards the 'west and to Szeehuen and Indo- 
China in the north-cast and south-east respectively. 

In Nepal, we have the genus Myersglanis, which combines the teeth characters 
of Euchiloglanis, but shows an advance in its adaptive modifications. Though 
the pectorals do not overlap the pelvics, the number of branched rays in the 
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ppctoralH \h nJ-17* j;^ill- 0 }K^n.iiJgH extcind to the haw* of the [x-ctorals which is 

a Honutwiiat less sfw^cialized ehanieter. The greatest adv^nnee is in the fact that the 
lips are continuous and nrllis^tcd round the month to form an adhesive disk. Thus 
in tti<* Kastern llirnalayus and Nepal, where tectonic inov'cmcnts arc known to 
lutvc f)ccn very Kcvere during the. PfnstfKene, we witness the evolution of Kffckilo- 
fjlaniM fHt/h/nrti and M tfrrHtjlanU bbjthi from a cMimmon ancestral form of the less- 
sp( »c i a 1 i zer I E n ch ilfx/la nin^ ty pi* . 

fn th<* remaining three genera of tilyplosternoid-group, all teetli in both jaws 
are not conical aiul pointed, 'riu* Yunnanese genus blat iffo^flavis shows a verj^ 
high s])e< iali'jftttion of teeth, comluiie<l with a large numlM*r of primitive characters. 
'Phougli the teeth in the upper jaw form a l»and wliicli is not produee<l backwards 
at Uie sides, tliey ;ire gn*atly compressed, with hroad (‘inarginate or notclicd apices. 
The less specializes! charactfTs are: 

( 1 ) Pectorals and f)clvi<*.s separated hy a considerable distance. 

(2) Pectorals with only 1 1 branchc<l rays. 

(2) laps nt)t continuou.^ly reflected round the mouth. 

In (h(* cliaractcrs of gill oprnings, howev'er, it is higlily spreialized, for th(*y 
arc restricted abov(* the tiases of the jiectoral tins. 1’his is a monotvpic g(‘nus 
restricted lt> Yunnan. It would seem probable that it. tiriginated as an in(lr‘p(*ndcnt 
unit fnim the lauliest ancestors ot the ( Jl\ ptosteinoid stock. 

( h*ntf[a.ni‘^ of Siam is not dilfereni from M rMfjlanls of Nepal, ( xcejit that in 
the fornu*!* all teeth in the lowi r jaw are not conical and pciintcd, tht* iuiterior being 
mm*h larger with slender bas<*s and fna* <‘iid expanded into a truncute-spatiilate 
shap(' with inner surface slightly hollow. lake i/rrs(flani>\ the pectorals do not 
overlap the pc'lvics but possess 17 to IS braiH'lied rays. The gilbopemings are 
greatly restricted an<l tlie lips arc' continuously n'lleeted rouial the mouth to form 
a siK'torial disk. Oi'fO'jhtifls \n>uld thus .seem to us to lx* a specialization of 
hjifrhilufjlofiis in the same way as M i/rrsfjianis, 

SjH‘(’ial attf'niion must be invitcsl lu're 1*) Exostotnti )narropfn'ns N'ineiguen’a 
from tapper Ihirrna. fn this species, the pectorals ovt'vlap tlu‘ pel vies and ])OsseHS 
lit branched ra\s. Hu* gill -openings extend to tlie base of tin* jieet orals but ih<* 
lip.s are continuously refleetisl round tlu* mouth to form a suctorial disk. One of 
u.s (Hora. ha<l noted on a pre\ i<ais m-easion that all tlie tet'th are not pointed 

and conical, but that material is now hi.st. Until tlu* type mattaial in the Oenova 
Musmun is examined aiul the exa('t systi'inatie position ♦)!' this s])e(‘if‘s determined, 
vve have provisionally retained it in tin* genus ( hnujlanls, Tn any eas<‘, it apjH*ars 
to bi‘ a specialized Ibu'hijnijlftiih in (la* ilireetion of M ij( rsijlnhiM and fb'rr>f//r//o’.v. 

The last group of live s]X‘( ies nd'erreil to the genus KrosUm^n Blyth lias a 
number of primitive t*haraet(*rs ami a number of higlily speeializ(*d features. The 
less speeiali/eil characters are: ^ 

(1) Tlie out(*r rays of the pectoral and pelvic fins are segmented hut not 

pinnate. 

(2) The pectorals do not overlap the pelvics and }>oss<‘ss lo to 12 branched 

rays. (In one ext'eption 17.) 

1'he specialized charaeters are: 

(1) Teeth in np])(*r and lower javv's arranged in two W(*ll separated patches. 

(2) Teeth in both jaws oar-shaped: flattened distally. 

(2) Lips eontiniiously r<'ileete<l round the mouth to form a sucker. 

(4) Oill-ojxniings restricted to the dorso-Iat(*ral surface. 

Three species of Ej'O'itonui are known from Upper Burma; one from Assam 
hills and Eastern Himalayas, and one from Yumian. This is a compact group 
w4iich seems to have indeix^ndently evolved at a much later stage and got dispersed 
from Yunnan only to Burma and North-East India. 
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As a result of the above discussion, there seems little doubt that the original 
home of the (llyptosternoid iishes was Yuiman and that tlie various genera and 
species originated in a series of waves at such intervals as tin' tectonic movements 
in this region oceurred. We can, however, account bn* three likely waves. 

(rUjptoMi rffUHi-u'iive, — Trans-Himalayan, spreaiUng fri)in Yunnan to the 
Brahmaputra, Indus and Oxus river-sj^stems ra /////) and S/.eehuen (Cora* 

ylanis). As the dentition and the mouth parts of these two genera are least 
specialized Ave regard them as the earliest (ilyptosteriioid lislu's though both are 
siX3cialized in the structure of the outermost tin ray of the pain d lin ami ( 'oragUiniif 
is further specialized in regard to the gill-oiK'iiings, whic h are restrieted above tlie 
base's of the pectorals, and in having larger number of j)ectoral rays. From the 
point of view of their function to secure better hold on rocks in swift currents, both 
these eharaeters are adaptive. 

EurhiJoylanis^wavi. — This wave also originated in Yunnan and spread both 
•towards the wt'st as far us Eastern Himalayas and the east to Szeeliueii and Indo- 
China. The six species of Eac/uloytavu^ show great divc^rsity of struetm’o among 
themselvc-s. As a eonseejuenee of the same w'avt\ hut probably after some tinm 
lag, we got the genus Orvoylanis ((K sianuntais) in Siam and ( ‘^ O. macropterus) in 
Burma and M grrsylani.^ in Nepal. Thc^ inter-relationships of these forms from the 
evolutionary point of view haver been n‘f<*rred to above already. 

Exostoytta-wnm, — This w'ave is at ])rescrnt restricted to Yunnan, Upper Burma 
and thi? Assam Hills and would thus appear to be of a later origin than tlie earlier 
waves. Jt would seem to have started also from Yunnan. 

(.UaridexjUmis is endemic in Yunnan and would appear to have developed from 
the original Glyptosternoid stock last of all. Tendency towards ditroreniiatiou 
of teeth had already startc'd w ith tlie origin of the Exofitoma-wave, 

Time op kvot.ution of the (JLyerosTKKNoit) ihiovv. 

In the following table' tlu* main diagnostic features of the genera and species of 
the (Jlyptost(»rnoi(l grouj) are given in ord(‘r to show at a glaiuic that no ono 
character can give us an idea of any straight line of eveilution of t-hese forms. Re- 
peated divergences and eonv(*rgences liave, as a rule, formed tho basis of great 
diversity of form and structure that we notice today. 

In considering th(; time taken for the evolution of this group, twT> main 
considerations must be borne in mind— lirstly, the; ecological conditions under 
w'hich these fishes live demand immediate adaiiiivo features for survival in torren- 
tial streams; secondly, during the late IV'Ttiaries and jiarticularly the Pleistocene, 
tectonic mov^ernents w\‘re very frequent and of a high magnitude. With tho 
frequent uplift of tlie Himalayas aiul associated ranges of mountains, the streams 
w'ere being constantly rejuvenated thus subjecting the animals living in them to 
^constant strains and str(‘sses with tluj result that then? was a rapid evolution of 
new^ forms wltliin a comparatively short interval. This is what seems to have 
happened in the case of the (ilyptostiTiioid group of fishes. It seems probable 
that the entire group evolved during the Pleistocene period and our reasons for 
this supposition are the following: — 

(I) Though Glypiothorax Blyth, the likely ancestral form of tho Glypto- 
siernum-^oxip^ is widely distributed in tho Indian and tho 
Indo-Malayan regions and beyond, the Giyptosternoid fishes have a 
jA comparatively much restricted distribution, 

Homalopteridoe, for which one of us (Hora, 1949) has opined Pliocene 
as the probable age, has spread to the extreme part of Peninsular 
India on tho one hand and to the Malayan Archipelago on the other. 
There are several species in Peninsular India which correspond to 
the species found in the Malayan region and their dispersal probably 
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Tablb I. 


SalirtU t'haracttrB of thr. (ihjjitottfrnoi/l 





Cltil o| 

«*niriK^ axtoml to 




1* *. 

NtlfllU t»f .♦pot lo>4. 
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took place during the very late Pliocene or Pleistocene. The Glypto- 
sternoid group, »>n its distributional records, seems to be younger 
than the Homalopteridae. 

(.3) Taking into consideration quick rate of evolution of species (Zeuner, 
IWS), it is possible to account for the evolution of the entire group 
within about a million years. Forms li^'ing in torrents, undergoing 
rejuvenation with every sucwssive orogenic. movement, probably 
had a faster rate of speoiation than even terrestrial forms. 
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To understand the caust's of quick evolution and dispt'rsal, it is necessary to 
consider some geological fiicts about the Pleistocene geography of Yiuman and of 
tho adjacent coimtries. 

Plbustocknk CiKOLOOY of Yunnan and the nkiohboukino countbiks. 

(Ircgory and (Iregory (1023), and (In'gory (M>26) have given a very lucid 
account of some of the recent ge<*logi(!al elianges in South Eastern Asia, M'ith a 
view to make clear the geographical relations and the evolution of the mountains 
and river systems in this part of the continent. 



Text-fio. 5. The Alpine -Hinialayan System and their Hypothotw:Bl KiutU^m connevtionH. 
(Mo<Ufied from Orogciry, J. W., and (Iregory, C. J., 1023.) 


The direct Himalayan uplift and the later crustal upfolds have atlversely 
affected '^Ite Chinese Tibet and South-Westeni China, viz., Yunnan. Different 
views have been expressed regarding tho eastern continuity of the Alpino- 
Himalayan uplift. The altaids which are of a much earlier time and date with the 
Hercynian systems of Europe, are represented at present by the Indo-Malayan 
mountain trend cross the Chinese Tibet on lines approximately north and south 
and continue southward as the Indo-Malayan mountains. This older system is 
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HiipiMJSfd to hiivc «t<*mnied the cuHtward exU;nsion of the direct Himalayan uplift. 
In the r.eioii of th<^ Chincfic Tibet where the Himaluyas and the Alt aid Systems 
rn.<-t, crustal movements have proiluced very complex topographical features. 
Ah a n'rtult ()f thr rfHintuiK r oUVrcd l>y lhc‘ Altaid mountains, tlu* Himalayan in<>\c- 
meiits lieearne resolved into two factors, one residtini' in a chain of intense folding 
across .Southern Ohiria known as the Nun .Shan arui the other in the uplift ot the 
Burmese-Malav Arc, wliich pass through VVestern Burma to Malay and thence to 
the islaml.s of the Archipelago, .such as, Sumatra, Java, N'ew (Juinea «nd to 
Bapua. The din.^ccterl plateaus of Western Yunnan are jiarts (d the eastern uphtt 
of the dinw.t Himuhvvan movement.s. In V'unnan the.se rnov'eimnts have occurred 
Ml the foot hilKs and haVi' h, eti planeil down hy the rivers. I'o.st-Himalayaii move- 
riientH have heen purtieularlv felt in Yunnan and its immediate vnamty. these 
moveraent.s and the resulting hahitmlinal variations are .supposed to have been 



respousihle for the ditferentiation of the (ll>l)tosternoid-group of tishes from the 
ancestral stock. The IMeistocene orogenic movements, wliich affected the drainage 
systems in South- Ktusteni Asia, also helped in the disiiersul of their aquatic fauna, 
it would seem that to the (dyptosternoid lishes, which radiated haiung Yunnan as 
the centre, the main Hiinalayun trend in the w'cst, the Burmese Arc iii the south 
and t he Nan Shan trend in ‘the east acted as the principal migratory highways. 

In order to understand how this distribution was effected, it is essential io 
know the changes that took place in the main river systems in South-Eastern Asia 
during tliis periiKi. A vivid account of the various changes in the river systems 
are thus given by Gregory and Gregory (1022, pp. 172-173). 

“Tlio southom drainage after the close of the Himala>-aii movements was discharged by 
five (four) main rivers: (1) the DUiang, which carried the drainage from the Tsangpo and much 
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of the we«item Til^^t i9outhwnrd aa tlie l^uwer Irrawaddy; (2) the Upi>or Irmwaddy in north* 
oaHtem Burma which wi^ probably tlmn oonnt'cted to the l^wer Irrawaddy but disithargod 
to the aeu as the Sittang River, ntw Pegu, thr<^ugh the Imtad valley betwcH'n thi' Shiui Plateau 
and Lowrer Irrawaddy; (3) the Suhveen whit'h tlu'n ])rolwihly cunlinuod throiigli the Moping 
and Menam rivere to the Gulf of Siam at Bangkok; (4) the Mekong, whicli doubtlcHH climhargod 
tw at present, across Tonking, though along its pnvsont anirw^; and (5) th<' Yangiste, which was 
probably continued from its great bond at the Shikhu tlinaigh fhi^ valley of KiencliNvan (Phion- 
chuan U'hoii) past Tali and thnnigh tho lied River to the Gulf of Tonking ni'ur Hanoi. Thia 
simple river system was broken up by siahsidenceM probably i tuiaenuenf of the rt^ac tiun fixun the 
Himalayan compression. One subsiiience madt^ the valU*y of Assam which diverted the Diltang 
through tlie I.ower Brahmaputra to tlu» Ganges; this change beheaded the (’hindwift, which 
till then had been tho main stream of tlu* Irmwaddy. 'fhat river, lunveviu*, wiw com]H'nHivted 
for the loss of its Tibetan head -stream by enptiiring the drainage of nortli -eastern Burma, by 
beheading tlxo Sit tang River, through tlio r^^a4•h around the <‘nd of tho Sagaing range. The 
SaKveen wtis diverted by tie* formation of a series of young gorges westward t*> the (iiilf of 
Martaban, The developnu'nt of the Y^lng^ze gorges enlarged flint rivvr by tlio capture <if th<» 
former Tibetan tributary's of tho Red River.** Gregor}' and Gregoiy (1922, pp. 172-173). 

The agency which enabled the rivers of Yunnan to cut their eanyons htts been 
regarded as a regional uplift, but (Gregory and (Jregory have shown that 

the same results can b<‘ obtained by regional subsidt nt'o of the areas unde r consider- 
ation. WliatevtT may be th(‘ correct explanation of the de4‘p valleys of south-western 
Chinest* rivers, from the point of view of distribution of tisli(‘s, it is noteworthy of 
n‘mark that the original Salween which is Kup])osed to havi^ disc^harged through 
th('- Moping and Menam rivers to the (Julf of Siam had its (», astern branch diverted 
towards the W(‘st which now dis<‘luirges into th(» (xulf of Martaban and is known as 
the Salween, wliile. its eastern braiiclji joined the Mekong River and its waters wm) 
thus (liv^erted towards the oast. All the riv^s of the w^t^st of Salween had their 
head waters beheaded by m<>r<* eastern rivers. Th(‘se> fa<d/s indicate the probal>!e 
directions of subsidence from sout h-western (^^hina, and enable us to understand 
the distribution of the torrential fishes, 

CoNt’bUSlON. 

Tims it seems that the tSlyptosternoid lishes, like th(‘ Homalopteridae, got 
dispersed t'llong certain routers aided by tlu^ exigences of nature. As explaim^d 
aljov^e, their distribution has betm etfeetetl in a series of wav^es, wliieh probably 
synchronized uith tlui glaciation periods of the Pleistocene wln n precipitation was 
higher and rate of evaporation low thus giving rise to more p(‘n‘nnial ttwrential 
streams in the hilly n^gions. It is also evident that wherever and whellcvc^^ changes 
in the environment occurred, specific differentiations set in the group, thus giving 
rise to adaptive variations discussed above. 

Since the distribution of the (Jrlyptostemoid fishes is at pres(?nt restricted to 
vvithin eastern Nepal and Assam Hills in the west, to Siam and Tena8s<»rim in the 
south, to Szechuan and Yuiman in the north-east and the Indus and Oxus Systems 
in the north-west it is reasonalilc to surmise that tho evolution and distribution 
of the (ilyptosternoid fishes took pla(*e during the Pleistocimc^ and that ihi*. great 
taxonomic variation observed among them is the result of tho late Himalayan 
OTOgenic movements playing upon the older Altaid mountains and getting resolved 
along the lines of distribution of the Glyiitostemoid fishes. 

Summary. 

Fluotuaiions in c'x'olo^ical ronditiens and go(^graphlcal iHolation havo brouglit about a 
^oat diversity of form and stru^diiro m tho Glyptost^moid -group of (Jatfishos of tho family 
Siaoridacj, which live in tho torrential streams of certain parts of south -oftstem Asia. Tho 
adaptivo significanco of tho modifications of <jhfiractor», such os (a) tho strueduro of tho first 
ray of tho po<doral and pelvic fins; (6) tho lips as organs of adliosion; (c) inner rays of paired 
dns as a pumping mechanism; (d) tho relative extent of thf> gilboiienings ; (e) tho nature of the 
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clontit i(/fi ; Hinl (f) t)io ♦>xt<'nt (»f fh«' in rolution t<» Hk* ptrlviih, ih and the 

of «'.volutioniiry trendH in theno infUt atp<l. An arcoimt of the geogruphieftl 

diHtrihiU ion f>f tho viiriou« K'ononi and i< H in ^iwn and dlsc usf^ed. K\iden<'o for the evohilH»n 
arwl <li.*jt I if>ution of tho ( dy (>t<iHtofTioid <i>vh<'H <iurin^' tlio Ph-lstoiene uddured. (iecjloghal 
<lula, uM w#dl nn pr**Hi‘nt day i ihijt ion of the ^roup, indeate t)iat the (ilv pii'wtt'muid tiah* >» 
oritfirial*'<l .-iotnovvfa’M' in thr* re^it,ri t»f Vnunun in rtoiith-v.#^torn ( hiiia. loiter orog«*nie move- 
inenff-, Mie h as the Hirruilnyan uplift nml Ifie < n! lal rivtu' eapture in s<ujth-ew»tem 

Ai^ni, fa4'ihUi.te<i tht* dinf^orMui of fi.sfien nioii;/ eeitain iuoun»ainou8 }ii|L'hwa^\'H t<i far off 

pliue^. Am u renult of f»uhftte<j|uent Itinj/ i'»olatn»n and eontinuMl oif»g*nii <iiHturl»an< es, syMM‘iation 
t»M#k pla< o vvitfi the formation new la and Mpe< t♦•rt within eoinparat ively restii<-ted peo- 
jLtraphK ill aieaM. '^J’Iuim the ^reat Viu lat ion o^»^v^-lved uinon;'^ the Cllyptostemoid fiMhes seems t(» 
!>»' tfie leuill of iho late iliiiiuJayan ofop njt iiiov ejnenis playing upon th«' older Altaid mr)iiiitnin.s 
and ^.jeltjn^' reHiilve<l alon^ tlie lines ol th»‘ prt'went -day distribution <d iheMti fisheH. 
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PREFATORY NOTE 

One of the objects of the National Institute is ‘ To promote and maintain a 
liaison between science and letters The Symposium on the HiMory of Sciences in 
South Asia shows the PArnestness of the Institute to maintain such a liaison. In 
fact, the development of science, apart from that of humanities, is not happy for 
human welfare in the long run. As this was the lirst attempt to bring together 
historians, oriental scholars and scientists, some sharp differences of opinion, 
e.specially about the dates of the ‘ Kourot? Material’, were evident but. such 
differences were resolved by agreeing l-o certain dates as an inte.rim mitasure and 
to ensure uniformity of treatment. In this connection, reference may be made to 
Appendix IX, in which arc reproduced from Naturp. a critical review of the papers 
of the S 3 rmpo 8 ium by Dr. .loseph Needham and, a note, elucidating certain 
points in it by the undersigned and a postscript by Dr. Needham. It was 
decided by the National Institute that, as the full papers required considerable 
i^vision, a summary of the papers presented at the Symposium and discussions 
arising therefrom only should be published. It is hoped that the material presented 
in the present account will serve a useful purpose, for, as Dr. Needham has pointed 
out ‘ the study of the history of science in India remains enthralling ’. 

Mathura Road, S. L. Hora, 

New Delhi 1, President, 

2fth November, 1951. National Institute of Sciences of India, 
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A liRIEF A(X:<;UNT OF TUB SYMPOSIUM ON THE fllSTORY OF SCIENCES IN SoUTH 

Asia, held in Deliu, 5-7 Xovkmber, 1950. 

The of holding a Symposium on the ‘ History of Sciences in South Asia ’ 
WHS lirst moote d hy Hr, \). S. Kothari, one of the Seen taries of the Xalioual Insti- 
I ute (>f Sciences of India. He at the outset thought it desirable to discuss the 
matter with I’rof. A. Wolsky, Principal Sci(‘ntitic Otheer of the T.X.K.S.r.O. Science 
(Jo-operatioii Othce for South Asia, in Hellii, in view of tlie work that his oflice was 
doing for the |)rogresH of science in India and t lsevviKTe. Prof. Wolsky welcomed 
the porj)osal and otfenMl wholeliearled co-operation, and assured Dr. Kothari that 
if the National Institute urah rtook to iniliat<* the proposal to hohl the*. S\mip08iuiu, 
it could count on the active sup[>ort of the U.N.K.S. (>.(). Science ('o-operation Oflice 
fiir facilities ninl linuncial assistance. 

Dr. Kothari and Dr. Wolsky then discussed about the arrangements to he 
mad<? for holding the Symposium and (hscided on the following preliminary 
detuils : — 

(1) National Institute of Sciences should form an ml hnc Sponsoring 
04)mmittei‘ which in its turn wcmld appoint a (V>nven(‘r (or an ex- 
ecutive secretary) for making plans in consiiltaticm and in col- 
iahoration with tin* ITN.K.S.(M). Scienct* (N) operati<»n Oflice. The 
Sfionsoring Oomrnittet* should preferably consist of individuals rather 
than of representatives of different harm'd bodic'S. 

(2) Tlu' Sym[)osium shonhl Im* a study group of Tiot mon* than 2o to 25 

scholars who should surscy the existing cont ribntions to tlu' history 
r)f science from South Asia and also atliunpt to correlatt* the advances 
made in dilh'rcrit hraiicfu'S ami t he social irnf)lications of tin* scientific 
d<‘Ve*h»pmcnls. 

(.‘1) There sfiould he some background mat (‘rial or working papers for the 
guidance of the scholars at tin* Symi>osium, which might be obtained 
from the Secretariat of the International Onion for the History of 
St'irnces and possildy some* more help and materials from a |K‘rRon 
uho might !«' approached to coim* and attend the Syn^posiuin as an 
exfx'rt cfmsultant. Dr. Wolsky mentioned that he had alrearly 
approaehcfl Prof. Joseph Needham for tin* purpo.se and that he would 
also NM’ite to Prof. fh*rnal if they could give some directions as to 
tin* ag(*nda and working of the Sym])Osium. 

(4) Kaeh dt*h'gate slunild be re^juired to submit a report on the progress on 
the history of seienees in his particular branch in his own country. 
Thes(' reports sliouhl (*ontain not only tlie achievements fait also a 
list of published materials and the possi))Ie sources of other materials 
which might lx* tapped for furtlier intensive study. An attempt 
should also l)e madt^ to get some special papers which might show 
tin* influence of tin* achievements of scientists in the Kast on the 
development of sciences in the West and vice verm. 

The general plan of work was tlien decided to be as follows : — 

(1) The Symposium should he preceded by a short opening session where 
two lectures on the general as}>ects on the history of sciences should 
bo given and interested people should be invited to attend the 
session. After the inaugural meeting, the Sj^mposium group con- 
sisting of about 2 d scholars should sit consecutively for at least three 
days and discuss papers on the History of Sciences and also deliberate on 
ways and means of intensifying the study of the History of Sciences in 
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South Asia. In this task the particii)ants of the Symposium, grouped 
into throe classes, as historians, scientists and research scholars on 
the history of sciences, should sit in separate groups, and again 
jointly, for formulating practical recommondations. 

(2) At the close of the Symposium then' sliould he another short general 

session, while even in the course of the st'ssion of the S 3 nui> 08 iuin 
there should he two or three popular lectures in the evening. 

(3) Delegates should he invited from Ct'j’lon, Burma, 1'hailand and Indo- 

nc^sia and it was likely that reports fron) theme countries would 
cover all the branches in a single report. Tliero might he one 
or two scientists in China m Iio might as well he induced to come and 
take part in the proceedings so tin to make the discussions as oom- 
prehensiv^e as possible. 

(4) It was felt that I)etter succm'ss of the Sjnnposium would ho achi(‘ved if 

active national committees or societies were formed in various coun- 
tries and stops talo'ii for a planm'd preparation of a liistor^' of the 
development of sciences in the eoiintricm of South Asia. This 
would stimulate scholars, interest(‘(i in the history of sciences, to 
jm'pan' for (he forthcoming InteTuational Union for History of 
Scic'iiccs to h(‘ held in Amsterdam in August, 1950, so that more atten- 
tion could he drawn to contributions from this part of the world. 

Prof. Kothari and Dr. Wolsky then made some preliminary selection of scholars 
to he approached for contributing to the Symposium and it was thought advisable 
to wait till the C^ouncil of the National Institute of Sciences would approve of the 
suggestions. Afterwards details of the arrangcnuuits would he worked out after 
consultation wiih the U.N.K.S.O.O. Science Co-operation Oflice which, as Dr. Wolsky 
suggested, would act as seen'tariat for the Symposium. Dr. Kothari proposed to 
hold an exhibition of some of the materials having hearing on the History of 
Sciences. He also suggested that the University of Delhi might ho approached 
for giving facilities for holding the Symposium in their premises. 

Th(' proposal of holding the symposium and the decisions arrived at l)y Dr. 
Kothari and Dr. A. Wolsky were placed before the Council of the National Institute 
of Sciences of India, at their meeting on 3rd March, 1950. The Council approved 
the propo.sal, and as suggested by Dr. Wolsky, a Sponsoring Committee was 
appointed, with power to <M»-opt ad/litional members, to organize the holding of the 
Sj^mposium under the auspices of the Institute, in collaboration with the U.N.E.S.C.O. 
Science Co-operation office for South Asia. 

The Sponsoring Committee, appointed by the Institute, held two sittings, one 
in March and the other in September, 1950. At their first meeting, a preliminary 
discussion took place of the Ihcoretical assumptions on which the idea of a Sym- 
jK>sium on the History of Sciences in South Asia was based, and a programme of 
work was tentatively fixed for the meeting, which .was; — 

2000 B.C. {circa ) — From Mohenjo Daro Civilization (i.e. Indus Valley Civili- 
zation) to A.D. 1867, i.e., beginning of the British Rule, to bo detailed under the 
following heads : — 

(1) (a) Chronology of the achievements; and 
(6) Defining the periods of achievements. 

(2) ,,Life Stories of the pioneers. 

(3) Contacts with outside on countries’ own initiative or by the adven- 

turous trips of foreigners. 

(4) General history of those periods with stress on social conditions. 

(5) Impact of the discoveries of the scientists on military strategy of the 

kings and on the general living conditions, like town planning, public 
health, agriculture, transport and industries. 
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(6) (a) Library sources of matiuscriptB; and 

(h) Important centres of ancient scientibc research as possible locations 
to trace manuscripts.^ 

(7) Promotir)!! of study of History of Sciences. 

(n) An organized body of scholars with a programme of w'ork to meet 
fnMjuently and contribute papers; and 
(h) Funds for engaging research scholars and endowing fellowships. 

'The (.'ominittee also made a sugg<'.stion that the following categories of scholars 
should be invite<l to participate in the SyrniKiMum: — 

(1) Scientists who have sliulied the progress of ancient scientitic thought 

and rnetluKls; 

(2) Historian.s who liave niad<*> studies of 8{H'cial piTiods ot history relating 

to the seienlitie aehi(*vemeijtfi ; and 

(*i) Scholars (lingui.sts and historians) in Ancient History who have made 

Mp<*<*ial studies <»f ancient rec<irds, inscript iems, manuscripts, etc. 

Tile Sponsoring (\»riimitti‘e also suggested that a press note announcing the 
hohling of the Symposium l>e issued in April, w hich should be followed by a circular 
to learnerl bodies in India, ( -(‘ylnn, Malaya, Ibirma, Indonesia and Pakistan, seeking 
their co-operation by eontriliiit ion of pajars from liistorians arul scientists who are 
conneete<l with tlu*m and by tin* supply of list and locations of souree-matorials. 
P('rsonal reciuests vv<*re also to be made to individuals known to be in a position to 
contribute to tlie Symfiosiurn. 

In aceonlance with the <leeision, a press-note detailing the objects of the 
Symposium vva.s published in imfiortant papers in India and invitations w'ere sent 
to im|>ortant cultural and srientitie soritiios in India. The response was 
encouraging, both from India and abroa<l, including Indonesia, Burma, Oylon 
ami Thailand, As tin* adhering body to tlu* International Union of the History 
of ScieneeH, the Oov'ernmonl of India, Department of Scientific Research, have 
accorded their approval to the Sympo.sium being held under the auspices of the 
National Institute of Seii rices in collaboration with the U.N.K.S.U.O. 

At the second meeting of the Sponsoring Uoinmiltee, arrangements for holding 
the Symposium were furtlier discussed, which related to its administration, such 
as, fixing of final dates ff>r the Symposium, accommodation of representatives, 
travelling fare of deh'gates, scientific institutions to be invited, and the estimated 
total expenditure for holding the Symposium. At this meeting, a local Reception 
(^>mmitlee was constituted, and tlu^ subscription of its members w’as fixed at Rs.S 
per person. 

It may be mentioned that it was the original intention of the Sjwnsoring 
(Joinmittee to hold the Symjxisiiim in the lalttT part of June, when it Mas 

oxpootecl to have the preseneo of Dr. Joseph Needham, wdio w^as engaged in the 
WTiting of a History of Sciences in China, would eomo to India for the purpose as an 
ex|x>rt consultant. The exiiectation did not materialize as Dr. Needham’s pre- 
occu{>ation8 did not allow him to come to India. The final arrangements for 
holding the Symposium were complete only by the end of the year, and it was 
held, in Delhi, from November to 7, 1950 {vide Programme of meetings. 
Apj>endix I). The meetings were hold in the rooms of the University of 
Delhi, and the authorities of the University, the Vice-Chancellor and the Dean 
of the Faculty of Science, offered hospitality to the participants. Scientists and 
historians from various parts of India participated in the discussions and several 
soientifio societies were also represented by delegates. Indonesia and Thailand 
w'ere represented by Dr. Prijohutomo and Mr. P. Rochanapurananda respectively, 

* Apart from manusoripts, thoro art' opigraphical and archaeological soiircos all over in 
South Ai^a. 
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who came to India eapeoially to participate in the Symposium, Besides the contri- 
butors, there were 30 observers rc'presenting 12 learned boilios. A list of parti- 
cipants is given in Apptmdix 11. Messages of good wishes were received 
from a number of historians of science fn)m other countries. It was the lirst- 
time in India that scholars devoted to humanities and sciences mot together 
to trace the History of Sciences. The contributors agreed that History of Sciences 
was ev’^entually the history of civilization and human mental evolution and that 
a collaboration between the historians and scientists would lead to fruitful 
results. 

The U.X.K.S.C.O. under the able guidance of Dr. Wolsky, had circulated 

to the intending participants mimeographed copies of the })apers that had been 
received from oriental scholars and scientists for reading at the Symposium. When 
scientists and sclu)lar8 arrived for the opening session, it was (evident to all of them 
that considerahle controversy was likely to arisi‘ in conm*ction with the fixing of 
dates of the imp()rtant aiici(‘nt texts, esjx^cially of manuscripts of pre-Christian 
era. In order to tide ov(‘r this difliculty, the participants of the S5^mposium con- 
sider(‘d it desira))lt' to a])|)oint a Chronology (\)n)mittee from among them. A 
(•hronology Committee was then appointc^d aiul th(‘y met and discussed tlie chrono- 
logy of anci(‘nt texts at length, and dcei<led on a chronological table hasing 
mainly on \Vint^*rnit//s ///V/or?/ o/ Indian Litnatnn (ridr App(Uidix HI). They also 
recorain<‘nded the dates that were decide<l u])on HlK)uld bo taken as a working 
hypothesis fur the discussion of papers of the Symposium. This was accepted 
by all. 

The participants of the Symposium then elcctf^d Sectional Chairmen and Hap- 
portc'iirs for r(*spective sections for conducting various Sectional meetings (vide 
Appendix IV'). 

Th(^ Symposium was opened under the (Chairmanship of T)r. S. L. Hora, 
President-Elect of the National Institute of Sciences of India, tor 1951 , and Director, 
Zoological Surv(\y of India, who gave a .short addr(»Rs congratulating the organizers 
and detailing th(‘ objects of the Symposium (vide Opening Hemarks Appendix V). 

Papers contributcMi to the Symposium (Appendix \'I) revealed the rich heritage 
of the people living east r)f Aral)ia ancl also discussed the^ decline of learning among 
those f}eople. No momentous technical nn'olution took place in the countries of 
the East, though their knowledge trav(*lled to Europe (mostly via Arabia) and 
helped the people of the W(‘st to progress with technical improvements and in- 
ventions on a very revolutionary scale. The papers were followed by discussions 
regarding the references that hsd been ({uoted, the dates assigned to them and the 
interf^retations given of the texts. The general approach was also considered a 
topic for disc\ission a number of times. 

The papers, presented at the Symposium, were classified under five headings, 
for convenience of discussion, as in the Inf^ernational (Jongress for the History of 
Sciences. As the number of participants was small, Sectional m(5etings were held 
one after the other and everyone took part in each Sectional session. This led to 
good interchange of ideas about developments in different branches. A summary 
of the papers and some of the more important points raised in the discussions are 
given in Appendix VIT. 

In the afternoon of the second day, there was an open session, where general 
discourses took place on History of the Biological Sciences, Ilistory of the 
Physical {Jciences and Historical Aspects of the Development of Sciences. There 
were also two popular lectures. 

After the discussion of the papers, there was a general discussion on the teach- 
ing of History of Sciences. Suggestions were made for extension lectures at the 
Universities, dealing with scientific developments from historical point of view. 
Endowment of chairs and funds for research on the subject were considered to be of 
urgent importance. 
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In the concluding seHsion, rosolutions were adopted to the effect that (a) a 
National (iroup at}iliat<?d to the Fnteniationui Union for History of Sciences be 
founded in each of the participating countries of South Asia; {h) a Board under the 
National Institute of Sciences of India he constituted for the study of History of 
Sciences. A ('ommiltee was apjxjinted t-o bring into existence the National Group 
of India which was also entrusted with the task of going into the suggestions 
received at the Sym|KJ8ium regarding the formation of the National Group, 
organi/ation *)f teaching and researcli and other general topics {vvle Appendix 
Vlll). 

Kinanob 

The total expenses of holding the S 5 'rriposium amounted to Ils.l0,t)36, cover- 
ing Huv’^oral itoiiis of oxpuiulitiiri*^ including tho trfivTlIing allowaiioos of dologates. 
The major portion of them was home hy the IhN.K.S.CVO. and a very small portion by 
the National Institute of Sitiences of India. The exponses for ‘At Homo’ were 
mot jointly by the lleooptiim (Nnnmittw, U.N.K.S.r.O, and tb<‘ University of Delhi. 
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of the University of Delhi for giving facilities for holding the Symposium at the 
University Ibiildings, ami for giving aeoommodation to the delegates. Thanks 
we, re also reeorded for the, t^rgani/ers of tJie Symposium as \V(‘I1 as to the U.N.E, 8.0,0. 
Sciences CV)-openition Offie<‘ for South Asia, Delhi, for their eo-operation and 
financial assistance and to all those who contributed to the success of the 
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APPENDIX 1 

PROGRAMME OP MEETINlJS 


Sunday, November 6, 1960. 
10 a.m. 


10-30 a.m. to 12-30 p.m. . . 
2-30 to 4-30 p.m. 

Monday, November 6, I960. 
9-30 a m. to 12-30 li.ra. 


2-30 to 4-30 p.m. 


4-30 p.m. 

6 p.m. 

Tuesday, November 7, 1960. 
9-30 a.m. to 12-30 p.m. 

2-30 to 4-30 p.m. 


6-30 p.m. 


Business Meeting. 

Election of Sectional (.3iairmen. 

Election of Sectional Rapporteurs. 

Adoption of the Agenda of the Symjwsiuin, 
Section I. History ol' Mathematic.s, Astro- 
nomy, Physics, Geography anti Geology. 
Discussion of papers 

Section II. History' of (.^icmistry. Mineralogy, 
Pharmacy and Biology. 

Discussion of papers. 

Section III. History of Applied Sciences, 
Technology and Engineering. 

Section 1 History of Medicine. 

Discussion of papers. 

Open Session : 

(a) Address of welcome by Chairman of 
Reception Committee. 
if)) Messages. 

(c) Address by tht^ Prcsident-EIetit of the 
National Institute of Sciences of India. 
id) Discourses on — 

History of Biological Sciences (Dr. S. L. 
Hora). 

History of Physical Sciences (Prof. N. R. 
Dhar). 

Historical aspects of Development of 
Science (Prof. R. C. Majuradar). 

At Home. 

Popular lecture : Traditional knowledge and 
scientific understanding (Dr. S. L. Hora). 

Section V. General problems (historical ap- 
proach) methods and philosophy of science. 
Discussion of papers. 

Discussions on — 

(1) Teaching of the History of Sciences. 

(2) Organization for study of the History of 
Sciences. 

Adoption of Report to the National Institute of 
Sciences of India. 

Popular leoture (Prof. N. R. Dhar). 
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LIST OF PARTICII^ANTS 

Altokar, A. S., M.A., Ph.l>. Professor of Ancient History and Head of the Depart- 
merit of ( ultnre^ Patna University, Patna, 

Hiigchi, P. M.A., D.Lit., F.A.S. Director, Vuhja-Bhavana, Vishva-Bharati, 
Snntinikftan, W , Bengal. 

r'hakravartf, N. P., M.A., I^h.O. Director -Ueneral of Archaeology, India (on leave) ; 
'! ughlnk R<xtd, New Delhi. 

('hattrrji» S. K., M.B., O/f.M , Ph.l). Chemiatl Kxaniiner to the (government of West 
Bemial, ( hem ical Dejxirtment, Medical dollege, (\ilcntta, 

(’hhahni, B.C'lu, Ph.l). Oovernwent Epigraphist for India, (Jolacamxntd, India. 

Dljar, N. II., D.Sc., F.N.l. Professor of Uhemistry, AlUihahad University, Allahabad. 

Dixit, K, R. Professnr of Physics, The Institute of Science, Bombay. 

Dulta, Iwt.-(\»1., O.B.K., F.R.(J,S.(E). Director, Medical Services, Punjalr 

(India), Simla. 

Horn, S. U, D.Sc., K.H.S.E., (J.M.Z.S., F.Z.S.I., M.I.Biol., F.A.S^., F.N.L Director, 
Zoolofjiral Surrey of India, Jahakusum House ^ o* / ( 'hittaranjan Ai^enue, (Mlcuttu. 

iioHsain, M., M.A. Defuirtment of History, Muslim University, Aligarh. 

KoMuiri, I). S., M.Sc., Ph.l)., F.N.l. Scie.fUiJic Adviser to the (Jovernineni of India, 
Ministry of Defence, New Delhi. 

Alajumdar, (*. l\, Ph.l)., F.N.l. IPad of the Department of Biology, Dacca University, 
Hamnn, Dacca. 

Aiajiirndar, \i. Af.A., FMi.l)., F'.A.S. Ec. -Principal, ('allege of Indokxjy, Banaras 
Hindu University. / Bepin P(fl Road, Knlighai, ('nlcutta — 

Majunidar, R. (/., Dr.Phil.Nat,, F'.N.I. Professor of Physics, Delhi University, Delhi. 

Prijnhutomu, P. School for Police, Snkabumi, Java. 

Ra^ltavan, N. (}. S., Major, Al.B.B.S., Director, Malaria Institute of India, 22 
Aliporc H(Htd, Delhi 2. 

Rariganathaii, S. R., M.A., Ph.l), Professor of Library Science, University of Delhi, 
Delhi L 

Rahman, A. ('entral Laboratories for Scientific and Industrial Research. P.O. 
Lallnguda, H yderabad , Deccan. 

Ray, I\, ALA., ?^N.r. Palit Professor of (Iiemistry, ('alcutia University, 92 Upper 
( ircular Rinid, Ualcutta 9. 

Roohanapiiraiiaiida, P. Department of Science, Ministry of Industry, Maharaj 
R(std, Bangkok, Thailand. 

Saran, P., M.A., Ph.l). Dejnirtmeni of History, Delhi University, Delhi I. 

Saivaiiarayanamiirti, (L V'., M.B., B.S. Additional Professor of Medicine and 
Paediatric.s, Andhra Medical ('ollege, Visakhnpatnarn , S. India. 

Srshadri.T. R., M. A., Ph.l)., F.N.L Profes.sor of ('he.mUtry, Delhi University, Delhi /. 

Shukla, K. S., AT. So. Defxirtment of Mathematics and Statistics, Lucknow University, 
L uckunw. 

Singh, T>r. Amarjit, Department of Physics, Delhi U niversity^ Delhi. 

Singh, A. N., D.So. Head of the Deixirtmcnt of Mathematics and Statistics, Lucknow 
I hi irersity, L ucknow. 

Ukil, A. C., xM.B., ALS.P.E., P.S.M.F,, F.A.S., F.N.T., Ex-Pnncipal, UaUutia Medical 
('allege ; 67 Dhurrumtollah Street, (.'alcutta. 

N'armu, S. R. Director of Horticulture, P.E.P.S.U., Patiala. 

Wadia, D. N., ALA., D.So., F.G.S., F.A.S., F.N.L Geological Adviser to the Atomic 
Energy (Commission, Ministry of Natural Resources and Scientific Research, 
Government of India, Room No. 191- A, North Block, New Delhi. 

Wolsky, Dr. A, U.N.E.SXC.O. Science Co-oj>eration Office for South Asia, University 
Buildings, Delhi 1. 

Yin, H. C, U.N.E.S.C.O. Science Co-operation Office for South Asia, University 
Buildings, Delhi 1. 
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APUKiNDlX IJl 

CHKONOUKJY COMMirriiK 

The appointment of a Olironology Committee at the outset was neccHsitated by 
•the fact that though authenticity of the claims of ancient Indian achievements in 
scientific field went mostly unchallenged, scientists and historians present at the 
opening session of the symposium in n'spect of clironology of texts and scientific 
developments heM divergent views. 

The Committe<' consisted of : 

Dr. 11. C. Majumdar (Chairman) 

Dr. A. S. Altekar (Member) 

Dr. P. C. Bagchi ,, 

Dr. S. L. Hora ,, 

Dr, D. S. Koihari ,, 

Dr. A. N. Singh ,, 

This Committee mot on 5th November, 1950, and after discussing the matter 
at length, recommended that the following chronological table should bo taken as 
a working hypothesis: — 

Ago of the Rgveda . . 2(MM) B.C.-1500 hd 

Age of Sathhitas and Brahmapas 15<K) B.C.~ 800 B.d 

Age of the old Upani^ids . . 9fM) B.C.- 5f)0 B.C. 

Caraka .. lOf^A.D. 

Caraka Saihhita (Kernel of) . . 100 A. I ). but being (‘nlargeil in later times. 

Susruta Saihhita .. .. 200 A.D.--500 A.D. 

^'edahga dyotisa (Present text) 500 B.C. 

^ulbasutras . . . . 5fK) B.C. and later. 

Dharmasutra . . . . 600 B.C.-2()0 H,C. 

Mahabharata 

Mamismrti f * * •• 200 B.C.-200 A.D. 

Ramayaiga ) 

Adopted by the General Meeting of the Symposium on 


H. L. Hoka, 

(‘hairman of the Meetings, 
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IJST OF SFCTIOXAL CHAHiMKN A\I> RAPPORTEURS 

following Sectional (Chairmen and Rap|)ortenrs for conducting various 
scrtional fiKMJtings wen* aj>p<»iiitc(l on r»Ui Xovt-mber, IDoO, by the participants of 
tile Symposium before the? ofKUiing session: 

Si ction I. 

Mathematies, Astroruirny, Pliystes, (ieography and Urology. 

( ■hairmun : Dr. A. Snigh. Rapporh'f(r : Dr. K S. Shiikla, 


Section II. 

(Chemistry, Mineralogy, Pharmacy and Biology. 

(■/mirman : Dr. S. L. Hora. Rapportenr : Dr. (J. P. Mujuradar. 

Section [II. 

A{)pli(Ml Scitmee, Technology and Engineering. 

Chairman : P. Rochanapiirananda. RapporUnir : Mr. A. Rahman. 

Section IN'. 

Medicine. 

Chairman : Dr. A. 0. Ukil. Rapporteur : Dr. U. V. S. Murty. 

Section \’. 

(foneral Problems, Methods and Philosophy of Science. 

Chairman : Dr. R, C. Majumdar, Rapporteur : Dr. A. S. Altekar. 
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APPENDIX V 

OPENING REMARKS BY J)R. S. L. HORA, CHAIRMAN OF lllK 
SYMPOSIUM, ON 5-ll-l{)r)0 

It is very often said that * History repeats itself’. Events liave shown that 
•such is sometimes the ease. Tt follows, therefore, (hat for forecasting the future 
of a nation, a sound study of its past hi.story is ofteti a very useful guide. Science 
cannot he an exet^ption to this general truism. One can build solidly the future 
development of science of any country only on the foundations of its traditional 
knowledge and achievements. It may sound like a ])ariidox, hut i( is true all the 
same, that more you wish to look into the future,, the greater must ho your effort 
to dig into the past. The scientific achievements of a-ny country, when thoroughly 
siftecl and evaluated according to modern standards, can ho an index to its past 
glory, cultural heritage and Iminan values. Scientific thought is only one aspect 
of human life and its dcvelojmient or suppression d(*pcnds, during any one period, 
on other circumstances affecting human life, particularly peaces or war. The study 
of the History of Sciences can, therefore, serve two main ])nrposes. Firstly, the trends 
of development or evolution of our past achiev'ements can guide us to the possi* 
hilitics for the future and we can thus plan accordingly. Secondly, it helps to 
comph'te our history as a whole hy elucidating actions and ri^aciions of scientific 
achievi'ments on either })hase8 c)f our lives, such as religion, philosophy, cultures, 
material prosperity, industrial or agrariaii developments, etc. Tluj organi- 
Zi^rs of the j^rescuit Symposium have, tliorefore, done a great service to India hy 
holding it in the historic city of Dfdhi and then*hy bringing to limelight the achieve- 
ments of South Asia, whicli has long been n'garded as tlu» cradles of Human (Civili- 
zation. 

‘ Scituicc is nothing l»ut the finding of unify,’ says Swam i \'ivekananda. Thai 
also is the goal of all the United Nations Organizations. Let us then seek unity 
among warring nations in the study of science — its past history and likely future 
achiev^cments. If the history of sciences has to subserve iliis noble purpose, its study 
must bo free from personal or racial prejudices because you cannot have a clear 
vision of anything through jaundiced eyes. Any nation can he rightly proud of 
its past achievements, hut it should not he oblivious of the acliievements of other 
nations. Friendships can be cemented only on mutual understanding and not on 
biased judgemenfs. Science is international and le,t a scientific apyiroach to all 
our problems he our guiding princii)le. The study of the History of Sciences, 
by providing a background of past events, will help iis to fix true scientific 
principles for our everyday life. 
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APPENDIX VI 

LIST OF I^\PKRS PRESENTED AT THE SYMPOSIUM ON THE 
HISTORY OF S(;iEN(‘ES IN SOUTH ASIA 

Skction I 

MathnnaticH^ A^tfonoiny, J^hf/sir,s^ (hoyraphy find (irolofjy. 

Mr. K. S. Shnkla. (Jhn)noloi^y of Hindu achievoments in astronomy, 

Df. K. It. hirit, Th»^ liislory of Indian astronomy. 

Ur. J). N . Wftdia. (L oIf^jL'ical kiiovvicdgr in anoirnt and rtiediatnal India. 

Ur. i4. S . Sinyh. <3ironology of Hindu jK-hi^venituits in Mathematics. 

Se<tion 11. 

( 'hfirnstry^ Minrralafjy, Phnnnacy and Bioloyy, 

Ur. S. L, Horn, Zo4)logieHl knovv'le<lge with special rohTence to fish and fisheries in 
I ndia Ixd’on* llJo H ( !. 

Prof. P. lifiy. Th(' History of (Mu'inistry in India. 

Ur. ( 9 . P. Majunnhir. The History of sciences in India from pre-\'<'die times to 
eighteenth ceiitury A 1). 

Prof. S\ H. Uhar. India’s contribution to the chemical knowledge. 

Skction 111. 

Applird Srirncf\ Tvchnolofjy and Enfjimrriny. 

Mr. P. Itorhanpantfifia/hla. Tin* History of teohnrcal achiev^emenis in Thailand. 

Skc’TIon IV. 

M (did nr. 

/>/'. O. V. Safyafiarayfinainurty. A historical and chronological survey of the 
practice of hygiem* and rticdioine in India from antiquity. 

Ur. A . ( Ukil. The History 4)f Indian medicine from ancient times to the eighteenth 
century. 

Dr, S. K. ( ’haftrrji. Legal mc^dicine ; its study and practice in India (from hietorical 
point of view). 

Section V\ 

dmirral Prohlmi'^, MethrOits and Philosophy of Sciences, 

Mr. /I. Rahman. Social factors in the history of sciences in India. 

Ur, P. (\ liwjchi. Indian sciences in the Far East. 

Dr. A, S. Altekar. A period wise and critical survey of India’s achievements in the 
scientific tield. 

Ur. R. (\ Majunular. Scientific achievements of the ancient Hindus; chronological 
and sociological background. 

Dr. Prijohutomo. Indonesian cultural history until the seventeenth century. 

Mr, A. Rahman. The History of sciemoos and some problems of teaching. 

Dr. .1. Singh, A history of sciences course for undergraduates. 
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Othbb papers rkckiveh 

Dr, H. V. Seahaiya. Ancient Indian ideas of human development. 

Mr. X. N. ChaiUrjef. Ancient India's contributions to geology and mineralogy, 
Mr. A. K. Tegnanarayana Aiyrr. Dairying in ancient India. 

Dr. Mr.<i. Bani Ohatterji. Musical seienee and scientific relations betwe«‘n East 
and West from the historical point of view. 

Dr. P. M. Mehta. The medical man and his ideals in the golden age of Ayurveda. 
Lt.‘Col. B. L. Raina. The stxidy of mctlionl history in India. 

Mr. J. K. Dkolakia. Progress of scienoos in South Asia before the eighti'<*nth 
century. . 

Dr .K. K. Datta. Impact of industrial revolution on India’s e<-onomy. 
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SUMMARIES OF PAPERS AND GISTS OF DISCUSSIONS 

(Prejtaml by Dr. Atnarjit Singh 

Section I. Mathematics, Astronomy, Physics, Geography and 

Geology 


(Auiirnian . . Dr. A. N. Singh. 

Rapporteur . . Mr. K. S. Shukla. 

Mb. K. S. SiujkIaA. ( hrovology of liindn achieveinpnis in A-^tronomy. 

Mr. Sliiikla {staU il that A8tronomy was originally developed in India for deter- 
mining the times for V'cdic rituals, and that suhsefjuently it outgrew its original 
|)urpose, and was cultivated for its own sake. He i)rocceded to give the following 
perio<lwise survey of these developments. 

Veilio Astronomy (c. 2500 B.C. to c. 1000 B.O.) : \’i(*ws expressed in the Aita- 
r(‘ya-Hrahinaiia on the rising and setting of the sun indicate that the \>dic Hindus 
wen' aware of the sphericity of th(‘ earth. The sun's yearly motion was well known 
and was helit‘V(Ml to he the caust' of the seasons. In the Rg \ eda the sun's annual 
course has been doserihed us a ‘ twelve spokfal wlu^el tlio reference being pro- 
bably to the 12 signs of the zodiac. Tiie moon was studied with reference to 27 
forming so many constellations in the path of the sun and the moon. 
The tinu' was n'ckoned on the basis of a solar year containing 12 lunar months and 
an intercalary month, wvry third year. 

The \'(slahga period (c. 1000 B.C. to c, 5(K) B.C.): The Vedanga Jyoti^a is 
the earliest work which deals exclusively with Astronomy. It wa.s meant to l>e a 
haitdbook for tiu' prif'st engaged in the perf()rmance of \"edic rituals. It gives a 
glimpsi' of the primitive* Astronomy of the Hindus and shows that at that remote 
])(*riod Uk' Hin<lus considen'd Astronomy as a se})arate subject of study. This 
work eontains a study of the montlis, years, vinhurtas^ risings of nakmtrafi, 
full moon and mnv moon, days, seasons, ecpiino.xes and ayanas^ which fall in a cycle 
of live solar years. 

The unknown period (500 B,(^ to A, D. 500): References to tlie last half of 
this pt'fiod show that considerable work was done. However, works of tliis period 
are not availahh*, probably having been discarded because they did not use the 
place value syst.<*m of writing numbers. The new system was universally adopted 
about th(* end of the fifth century A.l). Some of the important astronomical works 
W(Te, howeV(*r, n oast in the new style. Examples are, the Surya-siddhdnta, the 
Homakn-f^ifldhnnla, the FnliSa-mddhflnta^ the Pitdynahu-siddhdntu, V Or^J^tha-siddhanta 
and the Pancha spfdhdnta of \'arahamihira which summarizes all the pre\nous five. 

A D. 5(>0~I2(M): This was a perknl of great activity and progress. Numerous 
Astronornmal works wen* writttm of which ttie following are important examples. 

The Aryahhafiya (A.D, 522) of Aryabhata I. It is a small work setting forth 
principles of Mathematics and Astronomy, It uses a new system of notation for 
expressing numbers in verse and a now scientific division of time. It introduces 
certain alterations in the revolution nunihors of the planets, Tt states that the 
earth rotates round its axis, Tt explains planetary motion on the basis of an epi- 
cyclie theory, different from that of the Greeks. It gives a correct interpretation 
of the.eclipses and methixls for calculating the times of their occurrence. 

' The Council of the National Ingtitute of Soiencee of India are grateful to Dr. Amarjit 
^ingh for proptvring summarieB of papers and gists of disouaaions, (Editor,) 




8Y1CFOSXUH ON HISTORY OF S01KKCR8 IN SOUTH ASIA 


337 


The Brahmasphuta-siddhania (A.D. 628) of Brahmagupta. In this treatise 
on Astronomy the teachings of the Hve siddhdntas and of Aryabhata I have been 
criticized and several astronomical elements and rules have been modified. 

The Laghu-mdnasa (A.D. 932) of Mafijula. This manual of Astronomy is marke<i 
for its brevity and conciseness of expression. It is the first work to make use of 
the differential of a function. It states the lunar correction called evection in its 
modern form. 

The Siddhdnta-iekhara of ^ripati (A.D. 1039). This work gives rules relating 
to (i) the correction for the eiiuation of time due to the obli(iuity of tlie ecliptic and 
(ii) the correction to the east-to-west line determined from the shiulow of the 
gnomon. 

The SiddhdntaMromani of Bh&skara II (b. 1114). This is the last and the 
best work of this period. The subject matter and the literary qualities of compo- 
sition of this work have rendered it to be an outstanding work on Hindu Astronomy. 
‘This work is regarded as a standard text book on Hindu Astronomy ov'en today. 

A.D. I2(K)-1700: After the time of Bhaskara II. not much progress in Astro- 
nomy was made in Northern India. The Astronomers generally engaged them- 
selves either in introducing refinements in the existing theoretical mctho<l8 and 
aimanac-makingorin writing commentaries on works written in the previous period. 
Little advance seems to have been made in practical Astronomy. 

The .^Vstronomers of the South, notably Kerala, made certain notable contri- 
butions to Mathematics. They devised better methods of calculation, used processes 
akin to differentiation and integration, obtained expansions of trigonometric functions 
in infinite series, and made refinements in Astronomical methods. 

DUemsion. Dr. R. C. Majumdar objected to the dates ascribed to the Vedio 
period and to the V'cdanga Jyoti§a. Dr. A. S. Altokar pointed out an error in 
the interpretation of a \'edic passage. Mr. K. S. Shukla agreed to modify the 
paper in the light of the discussions. (The dates in the above summary are from 
the modified paper sent in by Mr. Shukla.) 

Dr. K. R. Dixit. The history of Indian astronomy. 

Dr. Dixit discussed the development of Astronomy in India, in the frame- 
work of the following three periods. 

V edic period (6000 B.(a to 1000 In the time-reckoning used in this 

period, the months were lunar, the year solar and an extra month was added every 
third year. No definite distinctions were made between nak^atras am\ planets. 
^aiapaiha-Brdhma'tya mentions that the krittikds (pleiades) always rise due East. 
From the known rate of precession of the equinoxes, this can be used to fix the 
date of that text as 3000 B.C. 

Vedahga Jyoti^a (1600 B.C. to 600 B.C.). This period is characterized by 
three tracts: (1) the Rgveda Jyoti^a, (2) the Yajurveda Jyoti^a, and (3) the 
Atharvaveda Jyoti^a. These tracts give empirical rules which relate to the deter- 
mination of the duration of the dtay at the time of the winter and summer solstices 
and the interval between these two. This second set of rules enabled Mr. Dixit 
to arrive at the conclusion that these Ved&hga Jyotipa texts must have been com- 
posed at about 1400 B.C. and at some place situated between the latitudes 34® 46' N. 
and 34® 65' N. According to this calendar, a period of five solar years is taken as a 
yvga. During this period the sun and the moon complete 6 and 67 revolutionB 
respectively. The Atharvaveda Jyoti^a which must have been composed much 
later contains besides the rules already mentioned some Astrological information. 
Some non-astronomical books which belong to this period contain references to 
items of astronomical importance such as the retrograde motions of the planets 
and their conjunction with each other and the sun and the moon. 


I The dates accepted by the Symposium are given in Appendix III. 
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During the Siddhinla i>eriod (tKX) B.(J. to A.D. 1800) a large number of books 
wiiFc vvritti^n on Antrononiy. All these books giv^e mothods of calculation lor 
obtaining mean posit ioriH of the sun, the in<x>n and the planets ; and the time ot the 
solstiei'S e(|iiinoxes and eclipses. The ancient live 'iuidhnntiu^ belong to tliis period . 
T\u,y are (1) thi^ Pitnmaka, (2) the Vdiinthu, (d) the Pulisa, (i) the Suty/a, and (o) 
th(* Ktpfnaha, 'I’he tirst three HitidhdntiiJi are allied to the \ edahga Jyoii^a system, 
while the, Unwaka Hiddfuinta has a close resemblance to the work of tlie great astro- 
nojner llipparcus, who lived about 150 ikC. The Surya system is based on the 
Kalpa hypothesis. The Kalpa or Vnya is a period of time— probably the least 
time —which is an integral multiple of the periods of revolution of the live planets, 
tlu* Miin and the- moon, Th(‘ mddhfiidits inethorls for calculating the mean 

posit ions of the sun, t he moon and the planets. Their true positions were calculated 
from t In ir mean positions by two additional corn^ctions. 

^riie, n<*xt important book is the Arya-xiddhauta of Aryabhata (born in A. I). 477). 
In addition to gf^nuine to[)ics pertaining to Astronomy, this book deals with 
topics lilo*-, ratio and pnjportion, areas of triangles and circles, and volumes 
of solids and sphert^s. This book makes use of trigonometrical sint>s and gives the 
ratio of the circumference of a circle to its diameter as .*1 1416. Aryabhata was 
folIowiMl l»y \ arahamihira (b. a\ 1). 5o5) and Brahmagupta (b. A.D. 598), both of 
whom have writti-n their own ^ddlianta^, Varaharaihira inentioiis sorm^ periodie 
oom<4s ;i,nd also desc'ribcB their path, duration ot their visibility and the tim(' of 
their rcappcura-nce. According to Mr. Dixit, it was Brahmagupta wlio invented 
thi* Tnnyn- Yantm (qiiatirant) for taking observations. The precession^ of the 
ei|uinoxcs appears to be tirst iiKMitioned by Vi^riuchandra (A.D. 5S0). The rate 
of preei'ssion was giviai by iVlahjula (ninth ctmtury A.I).) to bti about 58 seconds, 
compan d with the present value of about 52 seconds. A few works^ ol no great 
import-aiuM' were writtiui after Brahmagupta till we come to Bhaskaraearya (born 
in A.D. 1114). He has written two books on Astronomy. Bhaskaraearya has 
adopted tin- data of Brahmagufita in respect of mean positions of the sun and the 
plant'ts. He says in the (fohldhyihyt si'ction ot llie sitidhnnin-Sit'oinnni that the 
earth attraets by its power any solid body in the sky. ^May b(» he had an inkling 
of the for(‘e of gravitation of the earth. Brahmagupta and Bliaskaracarya gave 
the diani('t(‘r of the t*arth as 7,9o5 miles, the earth-mo()n distanee they tlien calcu- 
lated IS fairly ataairaU^, but the calculated distances ot tlu* plamds aial the sun 
are wrong. The m*\t astronomer of repute was (laiu'sa !)aivadhya (born in 
A.D, 149S). He gives luetlnMls for calculating the mean ptKsitions of the sun. th(‘ 
moon and tlu' ]»lanets in terms of their positions on the 19th March, lo20. llu? 
positions of the celestial bodies as <leseribe(l by him on that day are remarkably 
acMUirate His (piick methods of calculation an* used even to this day. Unfortu- 
nately tln'r<* was no astronomer of distinction after Gapesa and it was during 
this peril hI that, considerable progress was made in Europe in astronomy. 

I'he jmigress of astronomy in Europe was due to navigation, whereas in India 
it was due to the religi(>us eilicts proscribing that the performance of sacrifices and 
other religious funetions is permissable only at certain auspicious tirnes. Such an 
attitude probably served as a damper for progress beyond the ability to predict 
these tinu's. 

Discussion. \'edic chronology was the main topic discussed. Dr. li. C. 
Maj\imdar objected to the dates givcui to the Vedic period. Dr. A. S. Altekar did 
not agree with the astronomieal method u.sed in fixing dates. He said that an 
astronomical fact in a particular work could be based on an observation made a 
thousand years before the work was wTitten. So the date derived on the basis 
of that astronomical fact may not necessarily be the date of composition of that 
work. Dr. A. N, Singh was not in favour of totally rejecting all astronomical 
e\i<lonce regarding tlie date of a book. In his reply, Dr. Dixit made a distinction 
between exact and vague descriptions of astronomical events. He suggested that 

7B 
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ill the case of an event like tlie rising of pleiades due East, the time of a text record- 
ing it would not be far removed from the time of actual occurrence of the event* 


I)ii. 1). N. Wadia. Gevlogiaxl kiwivlahjc in aucicjit ami mfdUtcval Asia. 

Dr. Wadia reterred to Charles l^yell who had t|iiol.(‘d ])assages from ancic^nt 
Hindu and Arabic writings to show that ihey possess<'d some knowledge of the 
imperceptibly slow changes which the eartli passes throngii over a long period of 
time. Mohd. Qa/Avani (c. A, I). J2o(l) was <j[Uoted for an allegory bast'd on the same 
knowledge. 

Dr. Wadia then proceeded to discuss tlie knowledge of iniiuTals in uncitmt 
India. The excavations at Harappa and Mohenjo-Daro (civilisation dated 3r)(K)- 
500 li.C.) give evidence of mining ores from comparat iwl y gn^at d(»pths, th<* art 
of smelting metals from ores, the use of copper, silver, and gold and to a lesser 
extent of lead, zinc and tin and knowledge about metallic alloys. 

Ancicuit Hindu books such as the JtamratnaMamuccaj/a give the metallurgy 
of calamine ami th<‘ prodiu tion of metal from zinc ore. Tlu^y also describe tlui 
bwalities where metal oies are to be found. \ agbbata mt'utions ort's of nuTCury 
and their application in ancient cherni.stry and nu'dicane. Suliihur obtained from 
sul])hi(le ores or ])robably from ‘Barren’ island was used for making gun-powd(T. 
The lidtudf/ai^a and the .)f ahdhfxdrata- fretiiienily imuition gcuns and show a know- 
ledge of their properties. Dr. Munn has (b'seribed mining for gold by the ancient 
Indians in the Hyderabad ar<‘a up to depths of 7ou ft. 

In the Discussion that followed, questions wore asked regarding the various 
minerals and thoir sources. 


Dr. a. N. Si.NOJi. (%ronoh(jy of Hindn ar.hirtrmx^fits in Mathnnalics. 

.Among the e^arliest Hindu works on Mathe matics art' the tliree recensions of 
the \ edaiiga Jyoti^a (1000 B.C.), Then tlicre art; the &nlha-sufra.s^ which were 
written in the period 800 B.C. to 4t)0 B.ty. Thesti works give' methods of construc- 
tion of sacrilicial altars and an account of the more importa,ut gcomtdrical pro- 
positions involved in their ctmstruction. 

The period 4oo B.D, to A.l). 500 represents a gap in Sanskrit mathematical 
and astronomical litt^raturo. The. names tjf the rnatlxunatioians belonging to that 
period as w<*ll as ({uotations from their works are availabh*, ))ut tht^ works themselves 
t^e now lost, pro}>aby because of a change in style introduced by Aryabhata 1. His 
Aryal)hdtlya is divided into three sections: (a) (ia7j,ita (Mathematics), (b) Kdlakriya 
(calculations with time) and (c) (hla (spherics). 

• In the Oth century we (ind N'arahamihira writing his well-known work Panm- 
siddhinta which contains summaries of the Pnli6a-siddhdnia, the Uotnahi-svidlidnla, 
the Vaii^tha-sUldhdnia, the Surya-siddhdnta and the Pitdrnaha-siddhdnta, mentioned 
probably in ascending order of antiquity. Many of the svldhTnias were re-writtem 
in the new stylo, i.e. using the place value of new system of minK^ration, in the 
sixth century. 

Tn the seventh century may be mentioned Brahmagupta, Bhaskara I and Lalla. 
The last two were followers of Aryabhata. Brahmagupta has adversely criticized 
Aryabhata in his siddhnvta, 

Sridharaeiirya made important discoveries in algebra. He was followed by 
Mahaviracarya who wrote a comprehensive work entitled the (kartUasdramm* 
graha (A.T). 850). Commentaries and manuals were written by Sumiii Acarya, 
Padmanabha, Haridata, Oovinda and Sankaraniirayaiia. Among the prominent 
writers in the tenth century may be mentioned Maftjula (A.D. 932) and Aryabhata 
II (A.D. 950). The most prominent witer of the eleventh century was Sripati who 
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wrote the Siddhnnta-iftkhara and (lU^iiadilaka, A large number of karajj^ M^orks 
were also written in this century. 

In the twelfth c(*ntury flourished BhEskara II (A.D. 1150), one of the outstand- 
ing mathematical personalities of India. He wrote the Siddhania-SirotNayii, a 
comprehensive treatise* on mathematics and ast^onor«J^ This work was in three 
parts. Thi^ first part deals with Astronomy, the si'cond, known as LUdvati^ deals 
with Aritlirnetic and Mensuration and the third part, called the Hlja^jaT^ita deals 
with Algel>ra. The preHf‘ntation and literary style of this work are superior to 
those of any other on the subject. 

Nothing of importance written in the thirteenth century is available. 
Amongst the prominent, writers of the fourteenth century may be mentioned 
Narayana, Mahen<lra Suri anrl Makaranda. 

The sixteenth century marks another period of mathematical activity in India. 
Arnofigst ilie important writers may be mentioned Xilakantlia, Jnanaraja, and 
(}ai.ieAa. In thi^ seventeenth century Munisvara wrote works on Astronomy which 
sought to affect itnprovernent on the system taught by Hhaskara II. 

The (ughUsuith century marks the end of important astronomical and mathe- 
matical activity in India, Interest in mathematics and astronomy w as created by the 
ore<‘(ion of a number of observatories by Raja Jai Singh, and the establishnu^nt of 
a School of Mislieiiie and Astronomy at Jaipur. The most celebrated writer of 
this School was Jagaiuiatha. 

Dr. Singh then proceedt cl to give the following discussion of llu* salient features 
of this historical account : {a) l)ecimal ]>lace value notation was invented by 
Hindus Use of a .symbol for zero is found in Pihgala's ('handah-'^utra (2U0 
All works after A.D. 500 contained this system. The invention may havt* ocrur- 
red about 5o0 B (h) The works written after A.D. 500 contain not only ilu‘ 
plac<* v'^ahu' system of notation but al.so methods of performing addition, subtrac- 
tion, fiiultiplieation, division, root extraction and ileal w'ith prol^lems of fractions, 
proportions and interest, 'riius Arithmetic had been developi'd l)ef()ro A.D. 500. 
(r) The main characteristics of Hindu Algebra examplitiod by Aryabhata I, Kha.s- 
kara I an<I Brahmagupta are: (i) use of letters of the alphabet for unknowns, (ii) 
multiplication and division of ])ositive and negative (piantities, (iii) us(^ of powers 
and exponents, and (iv) use of e<|uations. Aryal)hata knew^ the solution of simple 
and <|ua<lratic (Mpiations. He also knew' solutions of in(U‘t<*rminat(‘ ecjuations of 
first (iegree. Brahmagupta (extended this to the second degree, (d) I'ht* interest 
of Hindus in geometry has aUvays been practical. Rules for determination of areas 
and volumes are found in their works, (ireek (U'omctry was transmitted to them, 
but tliey dt'veloped it along independcuit lines, (c) Their great interest in Astronomy 
w'as responsiblt* for their special stucly of trigonometry, of series, and of methods 
of the calculus. Th<‘y worked with half chords instead of the chords of the (ireeks. 
They defined sine aiul cosine functi<»ns and prepared the first tables of these. Tluy 
found out the addition formula and used other trigonometrical identities in their 
calculations. All this is contained in the w'ork of Aryabhata I. In A.D. 932 Maiijula 
used the following interpolation formula : 

Sin (0 i 80)- Sin 0 = 80 ros0. 

Bhftskara defined the veli)city as a differential ‘coefficient’ and found that 
the differential coefficient vanished at a maximum or a minimum. The mathe- 
maticians of South India eontiniied progress up to the sixteenth century. For 
example, Nllakaotka used the following formula : 

Sin (a-f 8tf) = Sin <? } hO Cos 6 - Sin 0. 


They also succeeded in getting infinite series for sin 0 , cos 0 and tan-i 0 . 
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Section II. Chemistry, IIinehalch^y, Pharmacy and Biology 

Chairman . . Dr. S. L. Hora. 

Rapportenr . . Dr, G. P. Majumdar. 

Dr. S. L. Hora. Zoological knoxcledgc with fiprcial reference to Ji^sh and 
Jl^herie^^x in India before 226 BX\ 

Dr. Hora expressed difiFereiice from the opinion hold in .some (juartors that the 
Hindus and the Chinese contril)uted very little to ])rogresH in liiology. He pro- 
ceeded to give the following instances of activity in this tield among the Indians, 
at very early times. The classification of aninnils was on th(» basis of those having 
a back-bone and those without it. Otlier methods of sub-classification were accord- 
ing to the number of feet ; differences in habitats, or the number of senses i)osses8ed 
'by different types of animals. 

Sn&rutammhitd (A.l). 200 to 500; ^iiAruta himself lived in 600 B.O.) contains 
a r(unarkai)ly modern conception of the correlation between form and locomotion 
of fishes. If all the Sanskrit synonyms of fish are taken together, one gets a very 
good iietinition of tish as a class of animals. In Ivautilya's ArihaiiUtra (r. 300 B.O.), 
hints of a very advanced fishery administration arc given and metaphors showing 
knowledge of the habits of fishes arc included. As^oka's Pillar Kdict \' (246 B.O.) 
contains five names of fishes which are very significant in regard to their respective 
characteristic features. On this pillar edict, fish are declared to be inviolable on 
c(‘rtain days in th(' three cfulturmnsls. If the ‘ three chdtnrmdsls ’ could be interpreted 
as the ‘third chaturmasi’, then the edict would appear to he meant for the protection 
of fishes during the breeding 8ea.son. 

Hie author, in conclusion, dir(?ctod attemtion to the great wealth of historical 
knowledge that exists in ancient Sanskrit literature. 

Di^cv^don. Dr. Altekar objected to the interpretation that Anoka’s pillar 
edict was intcnde<l to protect fish during the breeding season. He pointed out that 
tlu' edict prohibited the slaughter of other animals also during the three days of the 
three? Chaturmasis. Dr. R. C. Majum<lar advocated caution in claiming scientifio 
knowk'dge for our ancestors on the basis of insufficient evidence? of systematic 
thought. Dr. Satyariarayanamurti suggested that as the contributions in question 
w(Te made about twenty centuries ago, they should be assessed against the bacjk- 
ground of the then existing thought and culture. Dr. Hora gave a suitable reply 
to these comments. 

Prof, P. Ray. The llidory of Chemistry in India. 

• Prof. Ray traced the origin f>f chemical knowledge in India to the days of 
the Mohenjo Daro (Indus Valh^y) Civilisation (4fM)()-3000 B.C.). An account was 
given of the various practical arts like the extraction and working of metals, making 
of glazed polychrome and painted potteries, faience, terra-cotta objects, and the 
construction of houses with kiln-fired and baked bricks, as revealed in the excava- 
tions at Mohenjo Daro and Harappa. Uses of metals like gold, silver, copper, 
lead and tin, as well as alloys of gold and silver (electrum) copper and tin (bronze), 
and of copper and arsenic, were referred to. Mention was mode of the findings of 
a large niiimber of ores and minerals used for ornamental purposes. Some like 
galena, cerussite and cinnabar were believed to have been used as cosmetics and 
medicine. White lead, gypsum and lime, found in the excavation, were supposed 
to have been used for plastering work and for the making of floors and drains. 

The picture of cosmogenesis, as found in the Sdthkhya, Yoga and the Veddnta 
systems of philosophy, and particularly the atomic and molecular theory of Kanfida 
(c. 500 B.C.) was referred to briefly. 
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Th(* <l<^v^‘lopm<?nt of clK'-mistry in ancient and mediaeval India, following the 
Vedio age, was divided on the l)asiH of P. C. Kay's of lUndn Chemistry, 

intf> four periods: viz., Ayurvedic period (from the pre-Burldhistie era to about 
A.|). 800), "I'rarisit ion ptu-iod (A l>, HOO-llOO), Tantric ptriod (A.l>. 8(M> 1300) 
and latrochemieal perif»d (A. I). 130(» ir>0(»). 

Di aling with the Ayurvedic p<*riod reference was made to the two important 
treatises; ( arnla anil which constitute a rational and methodical 

presentation of the Hindu system of meilicine ami surgery respectively, and 
contain almost all the cliernical informations of flie time. Metals like gold, silver, 
copper, iron, h ad, tiii and im'rcury and alloys like brass and bronze were known 
in this period, lieh renee was also made to the Arthainstra of Kautilya [r, fourth 
century B(V), which described working of metals, making of alloys and coins, as 
well ns varieties of precious stones and gems. An account was also given of the 
nrchaeoh»gicul sfiecimcns of eopp<-r and iron of historical signiticance, in the shajx\s 
of statues, pillars, cask(*ts, liearns^ weapons and implements found at ilifTcrent 
places, testifying to the skill and ability of tin* w'orkcTs of m(*tals in Ancient India. 
Particular mention was made of the iron pillar at I>(‘Ihi (e. fourtli century 
iron beams in Mm tiunple r)f Bhubam^swar (r. A.I>. 540 ) and that of tlu^ Sun-god at 
Kowarak (r. AD. 9<^0 loop) as well as of the solid copper bolt in the Rampura 
AAoka pillar (r. third century 15 (!.). 

Discussing the i^n^gn^ss of <4iemis1ry in Uk* transitional period, rcfercnci^ was 
made to Mic jireparation (d nudallic conijuninds like suly>liides of copper, miTcury 
and silvtT. 

Th(* Tantric ptTiod was described as the jilchemical ag(^ of Indian chemistry, 
as it was devole<l lo the study of Mio cluunistry of mercury (mw/) which con- 
stituted tile main ingrislient of the so-called rital >lixir of lift. Much attentioTi 
was also paid during this period to the ])r<‘paration of reeijx's for transmuting base 
metals into gold. The most nuiowned Indian alclumiist, Nagarjuna, nourished 
during this period (r. A.D. 700). He was tlio author of the alehemieal treatise, 
Haf^itratvohira , as wt‘ll as of a treatise on metallurgy. Description of various 
apparatuses for sublimation, distillation, extraction, etc., are. found in thi^ alchemical 
treatises of tliis ]:ieri<sl, K(m 1 sulphhle of mercury {oiahtradhvnjo) and the black 
sulphde {hijjoli), valued as imjiortant me<U<’incs, are described in thcvse treati.ses. 
It w^as staitsl that in the latroeliemical period, the va.st mass of chemical infor- 
mation of Mu' previous periods found their application in medicine. The Kammtiui^ 
sntnnccaya is a very notable tn^ntise of this age. 

Attention was drawm to the preparation of caustic alkalies and alkaline 
carbonates, as dc’seribed hy Susruta. 

Reference was also made to the (‘xchange of scientific ideas between India and 
Arabia following Mie Mohammedan invasion, as well as between India ami China 
during the Buddhistic period. • 

The pufHT eonclu(h‘<l with a discussion of the influence of science on the rndiaii 
society, both past ami present. 

Di-'icu^nnn. Dr. Alti'kar suggested that in the references cited, full details bo 
given regarding the location of particular statements. He expressed the view 
that the Nydyn and Vai 'ir^ka systems of philosophy, in their views on atoms w^ere 
not drawing on observation and experimentation. Dr. Satyanarayanamurti 
advocated patituit n'seareh on the cultural relations between the Indus Valley 
civilisation and the Tndo-Aryans of the Vedas. He was also against imputing 
present-day advanced theories to the ancient Indians when the statements are only 
intuitive speculations. However, ho agreed with Prof, Ray that the Nydya and 
the Vnl^e^ilcn systems, laid down the methodology of science as being based on 
experimentation. Dr. Ranganathan suggested that in papers on special vsubjects, 
attention should be concentrated on topics closely related to that subject. 
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In reply to Dr. Altekar, Prof. Ray point (^d out that references to the sources 
of information contained in his paper are given in the bibliography ad(ie<! ; the 
detailed references to every statement made* was not. possible for eonsidtratioii of 
space. In reply to Dr. iSatyanarayanmurti, Prof, l^ay stated that the theories 
advanced hy the ancient Indians were certainly speculative and were not bast'd on 
experimental observations. But he only tried to show that the ancient Indians 
were capable of such conceptions. To Dr. Ranganathan's suggest ion» Prof. Roy 
replied that the theory of cosmogenesis and the atomic thet)rv un^ certainly aii 
essential part of ('hemisty, for Chemistry <leals with the sum total of km)\vledge 
about matter and its transformations. 

Pkof. 0. P. MAjnMDAU, TIu History of sciences in India frotn pre-Vedic times 
to eighteenth century AjK 

Tt d('alt with tlie schuices of Botany. Medicine. Agriculture and Arbori -Horti- 
culture. Prof, ilajumdar discussc'd the development of Botany as follows: — 

Th(' Indus N'alley pi'ople used to live in village's, eitie's and towns, wore clothes, 
eultivatf'd crops, inclueling wheat, harh'V, millet, dates, vegeinbh's, melr>n and other 
fruits and cotton ; worshipped tn'os, gla/ed tlu'ir ])o1tery with the' juice* of a plant 
and ]^:unt(‘el the'm with a large number of plant designs. Thus beginnings in Botany 
had be*en made*. 

Agriculture became a holy and dignified occupation in Wdic India. In Vedic 
literature' we* fiiul a large number of terms ti.sed in the' description e>f plants anel 
])lant parts (both external features and internal structure), a d<^linit<» attempt 
at classif'cation of plants, and evidence that manuring and rotation of crops were 
prae'tiscd for the' impre>vement of the fertility of soil and the nourishment of plants. 
Th(*re is indication in the* hymns of the Rg^^e'da that the ^Vdic Indians liad some 
kue)wl(‘dge‘ of the role e)f light in tlie manufacture of food in green plants. 

During the centnrie's that followed, the study of Be)tany made great progress 
in eonne'ction with the studies of the allied scienees. particularly the science of 
>Me(litu'ne. Tn the f^araka Saitihita (Sutra 1, 51-52) it is ex])roHsly stated that a 
]uaTi well acejuainted with the names and external features of plants, and able to 
us(» them propc'Hy according to their properties, is to be called an f*xpert physician, 
'f’he Vrk\myurveda, a trc'atise on Botany by Parasara (c. 25f) KK) B.O.) gives an 
accemnt of the life of a plant in its various aspe'cts, including the genesis of th(3 
science. Its outstanding contribution is an attempt mad(i by the author at 
explaining the ‘origin of the first organic body (dditnjamy , 

Regarding the science of Medicine, Prof. Majumdar stated that some of the 
outstanding achievements in this field wvre the knowledge of the circulation of 
blood ; knowledge of pathogenic microbes ; development of surgical recjiiisites, 
•anaesthetics and magnifying apparatus, and establishment of hosyatals. 

Ah regards Agriculture, Prof. Majumdar stated that its development during 
the fourth century B.C. reached a high state of perfection. Agriculture became an 
important department of the State). Meteorological observations were conducted 
in connection with agriculture. Rain gauge was used to measure rainfall in a 
region. Pre-sowing treatment of seeds for successful germination and yield was 
reeximmended and practised. Use of bone-dust and blood of animals as manure, 
was also recommended. 

Proceeding to the science of Arbori -Horticulture, Prof. Majumdar stated that 
it played an important part in later days in public administration. Public parks 
and pleasure gardens were provided by the Government for the health and recrea- 
tion of the public (Kaufilya's Arthaidsira), An idea of the subject matter of the 
science may be had from the subject matter of the Upavann-vinoda. This includes : 
selection of soil, classification of plants, sowing of seeds and various methods of 
plant propagation, the process of planting, watering plants, rules for the protection 
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of plants, construction of a ganlen house, examination of soils where w'ells are to 
he (lug, recifKJS for nourishment of plants, treatment of plants in diseases and 
health and Botanical marvels, (experimental results). ♦ 

DisnuMsiori. Th(* authorship, genuineness and date of the manuscript of 
the Vrkmi/vriffht hy Partlx^ara, were subjects of scrutiny. Dr. P. C. Bagchi, 
l>r. R. C. Majumdiir, !)r. A. S. Altekar and otluTs took part in the discussion. The 
opinion expressed was that the manuscript of the Vrk^fh/nrveda should be copied 
and sent to Sanskritists and Indologists for their opinion as to its genuineness and 
date, and that if it is found genuine, it should be published. Dr, Vanna informed 
the m(*eting that he had also procured a copy from Nepal, of a Sanskrit manu- 
script dealing with fruits and fruit culture. 

I)K. N. R, l)HAH. India contribution to the chcvncxil knowledge. 

At about the time that (jlre(‘k philosophers like Democritus were speculating 
r(‘garditig the ultimate particles that constitute matter, Hindu philosophers like’ 
Kanilda w'ere also speculating along similar lines. As regards techni(|ues, the 
following may \w mentioned : metallurgy of iron was well advanced, as evidenced 
hy the fron pillar at I)(‘lhi (r. A.D. oOP). The techni(jue of preparing steel blades 
in I)amascii8, had its origin in India. Preparation, storing and use of caustic alka- 
lies w'as krK)W'n, as evid(^nc(Hl by their description in the Su.<ruta sarhhitd. The 
use of metallic compounds, especially those of mercury, was introduced in Hindu 
medicine hy Nagf^rjuna (r. seventh century A.D.). Paracelsus probably had heen 
influenced by the Hast in his use of metallic preparations in meflieine. The metal- 
lurgy of zinc is described in detail in later books, the Ra>>^arntnnmrnnccayn and 
the Ramrnara (c. A.D. 12(H)). The latter also described the colouration of flames 
whfui metals and their compounds w'ere introduced in them. 

Activity in the field of the* Physical Sciences was greatest around A.D. 700 to 
800. It had almost died out hy the thirteenth century for political, social and 
economic reasons. 


Section ITT. Applied S< iknce, TEriiNOLooY and Knoinkehinc; 

Chairman . . Mr. P, Rochanapurananda. 

Rapporteur Mr. A. Rahman, 

Mu. P. UorHANAPTTRANANDA. The history of technical achievements in Thailand. 

The Thai is a practical race. Its achievem(‘nts are in the way of producing 
articles to lit its needs. Fact^ with scientific value have not been recorded by tlu^ 
historians. HowH>ver, one can indirectly get a glimpse of the achievements of this 
race. 

If w'e examine the structure of some Thai words, we may see evidence of an 
attempt at scientitio clasaitication. For example names of many plants and 
animals are compounded from a family name, to which are added other woirls 
describing the characteristic appearance of the particular plant or animal. 

The ancient Thai was well versed in Agricultural science, as shown by his 
conversion into fertile soil of the originally swampy ground of the watersheds of 
the Chao Phya river and its tributaries. At present the Northern Thai have show^n 
themselves capable of irrigating ov^er the hill sides far above the level of the streams. 


• The full paper has been submitted for publication in the Archives InferiuUumales 
d' Historic des Sdsfices. Belgique. 
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In Sukhotai period (A.D. 1267-1350) the art of bronze casting reached its 
zenith. Another characteristic achievement of that jXTiod wan the manufacture 
of Siingkalok pottery. Technical help in the art of making pottery ia likely to 
have been obtained from China around the year 1300, although the Thai had also 
mastered the art already. The Thai knew also the technique of making tire-arms. 
After the year A,T). 1511 iron began to replace bronze for cannoiiH, as a result 
probably of associations with the Portuguese. These iron cannons Avere very well 
made and were adonied with designs in silver. 

The technii|ues of making pajxT, of brewing and making vinegar were also 
well known. They knew how to calcine limeatoni's and how to lime mortar in 
building. Some manuscripts have been found dealing with lopies in medicine and 
alchemy. 

Whether European science had dominated the thoughts of those who had 
wTitten these manuscripts is still a matter of douht. 

’ Thus the achievements of the Thai are mostly in tlu' liehl of arts and crafts. 

IHscu'^sion . Dr. R. C. Majumdar mentioned that the contribut ion to scienoo 
of the original inhabitants of Thailand had not been dt'scribed. Dr. P. C. Bagchi 
remarked in this context that early history of Thailand luul yet to be investigated. 
Dr. S. R. Ranganathan sugge.sted that a study of the know'n iinme<liate past may 
be a helpful guide for the earlier period. Dr. A. N. Singh mentioned that the first 
copy of an Indian calendar was discovered at Bangkok. Dr. S. L. Hora disagreed 
with the statement that scientific knowledge originated especially in Europe and 
the near East. Mr. A. Rahman suggested that Thailand may havt' possibly been 
th<^ ground for cultural contact of Ohina, India and the Middle East. The (3uurman 
in his closing remarks mentioned the cultural stri»ngih of Jiis country and 
said that the conquerors always adopted the native (lulture. He also mentioned 
that he would try to appeal to the historians and scientists of his country to make 
further investigations on the History of Sciences in Thailand. 


Section TV. Medktne 

Chainvan . . Dr. A. C. Ukil. 

Rapporteur . . Dr. G. V. Satyanarayanamurti. 

Dr. G. V. Satyanarayanamurti. A hi^toriml and chronologiml survey of the 
practice of hygiene and medicine in India from antiquity. 

Dr. Murti first gave a brief review of the civilisations of the w^orld and their 
contacts with one another in the field of medicine. These were illustrated by a. 
chart. 

Dr. Murti then proce^cd to give the following discussion of the progress of 
medicine in India from prehistoric times. He said that the Vedas give Jhc first 
indication of the Tridosha theory of disease on which the whole of the Ayurveda 
or the ancient Indian medicine, was subsequently based. 

When more knowledge accumulated in respect of disease it was added on to the 
Vedas os an appendix or Upaveda and constituted the Ayurveda which literally 
means knowledge pertaining to life. 

In India originally, that is prior to 700 B.C., the number of humors was 
restricted to three and the fourth one, blood, was added later in the works of Caraka 
and SuSruta. The names of Caraka and SuAruta are mentioned os the earliest 
eminent men in the fields of medicine and surgery. However, the texts of Qaraka 
and SuSruta have been revised, commented upon and enlarged by numerous 
authors. This has given rise to considerable confusion in respect of the chronology of 
Caraka and Su^ta. Though their texts reveal a definite knowledge of surgery 
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in gMn^ral, thfj art of Burgery was not practised with the same vigour as medicine, 
proixifily flue tfi the rfiigious feelings against dissection. Atreya, who was the 
l^rightest pupil of (’araka, estahli.^hed a school of thought based on the teachings 
of ('araka. By TiOO tlu^re were schools of rnedieino at Tak9a.^ila and K^i 

(Batifiras), which were imparting organized instructions to pujiils in the art of 
inefli(‘in<‘ aiul surgery. 

1'hf^ n^fionls tfiat were left by AlexaridtT's followers, and thfise of (freek chroni- 
clers of Hubsc/<{uent (late at the court of Kinpcror A.^oka, give an accfumt of the 
kriow|(*(lge of mcflieine in India, at tin* time? of Alexander’s invasion. Alexander 
was struck by tie* skill of Hindu physieiaas and surgeons whosf‘ services were avail- 
abh; in battlf^field. Following Alexander's invasion there wen^ intellectual and 
cultural <5onta(!ls l>etw(*en (Inrs t* and India. ’I’he ancient Indians sought know- 
h‘dge wiiliout prejudicf' 

’rh(^ inscriptions and stoiH* iMlicts h ft by Asoka the (ireat revrrd that then* 
wen* bo.sf>italH for both mtui and animals in bis tinn*. ’rbere are books devoted 
entin'ly to animal diH(‘as(‘s. A.'^oka sent Buddhist monks to the length and breadth 
of th(^ Fiftipin* and tin* courts of tin* surrounding conntri(‘s. Thus knowl(*dge from 
India spread to otluT countries also. 

In th(' H<'V(*nth c(*nturv A. 1>., two authors, \'rigbhata and ^^adhava, made 
valual)l(* iruitributions to the Aj/mmla literature. \rigl>hata's AMtfl)if/n-Aark[fra?ia 
in a l) 0 (»k on tin* eight asjK'cts of nu'dieal treatment whicli vv'f*r(' long in vogue 
ill Hindu rriedicifn\ M/idhava’s Xi'hhht is a book on diagnosis. 

About ( In* y(‘ar A J ) 71 o. Harun and Mansur, t wo Arab sidiolars, came in contact 
with Indian thought. I’ln* Aral> t(‘xts indicati' an influ(*nci» of Hindu medical 
literature 'Tin* Arabs assimilat(*d the (ireidc and Roman thought as well, Their 
knowh'dgi* was later transf<*rred to Kuropi*. 

It a[)pears that from the eleventh tf) tin* fourteenth century A. I). th(‘re wi'rc a 
nuinb(T of e<>mnn*ntutors fin Hindu modicirn*. Towards tin* (*nd of this period 
Sarangadhara producc'd a pharmaeopmra. In this, the useofme‘tal compounds in 
tin' eun' of iliseasi* was stated for the lirsi time in tin* world’s medical literature. 
A treatis(» on medieirn* was pulilished by Rbavaprakasa in about A.D. 1550. Sub- 
sfMjumt to tbisdal(\ it app(*a.rs that tluTc have* been no outsfanding contributions 
to Indian nu'dieal liti'rature. 

|)r. Murti tlnai gav^e a chronological review of Ayurvedic literature with the 
h<*lp of a chart. This review shows that tlien* is a sense of oontinuitj^ in these texts 
ainl the whoh^ pra<*ti(*e of medicine was based on the Tridosha theory of health and 
dis(‘as(*, which n»niaiin*d unalt(*red througli tin* centuries. 

Next, Dr. Miirti ('xplaiin'd the Triclosha theory. On the basis of this theory 
an (‘(juilibriuni of the three fundamental principh'o, 177//^/, Pifha and Kapha, is 
nee(\ssarv f<»r the maintf'iianee of In'alth. A practitioner of Ayurveda compre- 
hends health and disease on tin* basis of Do^as (IVincqdes), Dhatus (body consti- 
tuents) and Malas (waslt* products). It is held that food, drugs and external 
application of drugs iniluence the body by their physical qualities, chemical consti- 
tution. and physiological actions. These last arc held to be dependent on the 
natural constitution, or Prabhava, of the individual. The aim is to rectify the 
diHturbed Do^a and hence tlie Dhatus and Malas. 

Dr. Marti then reviinved the extent of medical and surgical knowledge in the 
ancient Indian t ext-books in its imi:K)rtant aspects. These were : — 

(a) Nothing but the highest ideals were enjoined on those practising the art 
of medicine (C.S. IX, 6). The text of Caraka abounds in reference 
to personal hygiene. 

(/>) Chapter 9 of Rn.^nita mentions how a student of surgery should practise 
incision, excision, scraping, probing, tying, suturing, venesection 
and cauterisation on vegetables, skins of animals and dead animals. 
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(c) Because the physician is unable to name the disease he should not 
desist from treatment. Thus Indians adoptcnl Hymptoniaiio treat- 
ment quite early. (O.S. XVlll, Td M), 

(f/) Chapter X\T1 of SuiSruta describes suppurating and non-siippurating 
swellings and a competent surgeon is enjoined to diffenuitiate them. 
The method of extraction of arrows and s])linters is given ; also the 
operation of piercing the lobules of ears which is TU'cessary for the 
wearing of Indian jewellery is described. diaptiT \\\' describes 
the fundamental surgical procedures such as incision, excision, scarih- 
cation, aspiration, extraction of foreign bodies, evacuation by incision 
and suturing of open wounds. 

O') Fractures were treated with the use of splints while' dislocations were 
reduced with accuracy and skill. Depletion of blood (by let'ches 
• and venesection), induction of vomiting, sweating and purgation, 

and enenicata were commonly ustxl as methods of treat merit. Couch- 
ing for cataract, laparotomy, herniotomy and tonsillectomy were 
practis<'d. Rhinoplasty was practised as lute as 1794. 

(/) The value of exorcise^ was early recognised but it was recommended that 
it should not be indulged to excess (C.S. \']I, 31). 

(f/) There is great emphasis on diagnosis, description of disr'asi^s, aiul prog- 
nosis, while operative and medical procc'dures arc» describc'd vdvidly. 
(/i) Though knowledge of anatomy is meagre, there is some theoretical 
attempt at the jibysiology of health and pathology of diK(‘aK(». 

(i-) The ideals of the nursing profession an* stated rlefinitc'ly ((\S. I X, 8). 

(/) 'Fhere is also reference to the construction, ('(piipping and stalling of a 
hospital (C.S. XV, 6). 

. Dr. Hasan, Mr. Rahman and Dr. XTkil rh'sired that refertmee 
should have been made to the social factors that contributed to the flevelopment of 
AjfunH'da and its later decline. The author stated that it was an asfK^et that must 
form the subject of a separate paper. Prof. P. C. Bagehi and l^rof. AlU'kar were of 
opinion that the quotation from the Rgveda should not lx*, acceyited to convey the 
Tridoslia theory of later Ayurveda. Dr. Bagehi said that there was abundant 
evidence of the existence of Tridosha theory as well as several references to medi- 
cinal plants and diseases in the &atapatha Brdhmaryi which dates l)ack to^iOO B.C. 
The author was prepared to take the stand for the earliest reference to Aynrved/i 
on this last statement. Prof. R. C. Majuradar objected to giving precedence to 
Caraka over Atreya and to ascribing to him a date earlier than tlie sixth century B.C. 
4le considered the second century B.C. as more appropriate* and deemed that Atreya 
of the sixth century B.C. had nothing to do with Caraka. Tfe also suggested 
caution in accepting Ceylonese records in respect of reference to hospitals. Dr. 
N. P. Chakravarti advised the inclusion of the Bower manuscript in the list of litera- 
ture of Indian medicine. 

Dr. a. C. Ukil. The history of Indian mediciue from a^icient tUves to the 
eighteenth century. 

In the Rg-Veda^ the earliest mention of medicinal plants is found. The 
Atharvaveda has sections dealing at length with medicine, surgery and hy^'ene. 
Following this period, the Ayurveda^ or the science of life, was written, which is 
regarded as a branch of the Atharvav^a^ 

Through several centuries scholars like Dakfa, Indra, Bhilradwaja, Bhygu, 
Dhanvantari and Atreya doveloped the Ayurveda, Agnive^a, a pupil of Atreya, 
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wrote the Agnive^iAamhitn, Other treatises followed which dealt with the diseases 
of animiilH also. 

After a period of decadence, there came Jivaka, physician to King Bimhis&ra, 
a (x>iitemi)orHry of the Buddha. He 8|>ecialized in children’s diseases and wrote 
an elatiorate treatise* called Knsijnpa Samhitn, 

Thf^ Arth(iifiMra of Katifilya, a minister of f -liandragupta I, gives a good des- 
criptif>n e>f the devc‘lopriient of the science of medicine, botany and forestry. It 
mentions rules for the practice of medicine, measures for the cf)ntrol of (epidemics, 
ami regulations on hygienf! and free hospitals. 

The (‘diets of A#^oka reveal a vast amount of organization for the relief of human 
and animal sufft^ring. It comprised cultiv'ation of medicinal plants, provision of 
hospitals and organization of a sanitary department. 

Su.<^ruta, a pupil of Dhan vantari, wrote a treatise on surgery, the SuinitamiiihiUl . 
It HufTen^d from many interpolations, until Nagarjuna, the great chemist, redacted 
the whole book. Nagarjuna was resfsm.sible for the introduction of metallic 
preparations, jirineipally those of mereury, sulphur and iron. 

Caraka, th(‘ eourt jdiysician of Kani^ka (first century A. I).) redacted and 
nv('dit(‘d tw'o-thirds of the AgnirfiamthhUn, wdiile the remaining one-third was 
lat(T on redaett'd by Dfidhabala (fourth century A I).). This redacted treatise is 
known as th<» ( Uirahfu^nmhitd. In it 2,tM)0 vegcitable remedies have been described, 
besides a few min<*ral and nnimal <lrugs. 

About tli<» fifth or sixth century \'ilgbhata collected materials from the 

then available Ayurv'(‘dic htiTature and compiled fw'o te.xts called the A^hf/lwj(t- 
mrhgraha and the A^hiVftgnhrdaija Samhitd, daptain Bower discovered in 1870 
some rnanuseripts dealing with m<»dieine, written by a Buddhist (presumably 
derived from tiu* Hindu works of this period). 

Near the end of the eighth century A. I)., the essentials of Hindu medicine were 
tran.slated into Arabic. By holding Medical Congresses of Hindu, Oreek, Egyptian 
and Arab medical scliolars, the system of Arab medicine w'as develojied. 

In the period A.I). flOO-A.D. I20t), pnigress was not spectacular: however, 
many books were compiled. Among the better-known authors of this period wore, 
MAdhava Kara (seventh century A.D.), Sorhala (eighth century), Vrinda (ninth 
century). Chakrapfuii (lObO), ^’angasena (edeventh and twelfth centuries), Gayedasa 
(eleventh century) and Nityanatha (tw^elfth century). 

Then followed a period in which the chemists devoted considerable attention 
to the production of medicines. The Itamralndkara, the Rtvinralnasamuccaya- 
and the RamrntnawdUi are some of the books dealing with the advances thus 
made. 

With the advf'iii of Muslim coiupierors, the Arabic system of treatment 
boeame th«' state' system of relief and the Ayurvedic system was pushed to the back- 
ground. 

By the time the foundations of the Indian Empire wTre laid by the British in 
1757, the indigenous systems of medicine had further degenerated ; the first Medical 
school on the Western vsystern w'as established in India in 1822. 

The pajior has a bibliography which includes 37 authors. 

Discussion, Dr. P. C. Bagchi considered that there was no period of deca- 
dence and that Ohandragupta I belonged to the second century A.D. Prof. R. C. 
Majumdar was of the opinion that there was a certain amount of confirmation in 
respect of the various periods referred to by Dr. Ukil. Prof. Altekar desired that 
Dr. Ukil should have given references to the original texts in the Vedas. Col. P. C. 
Datt-a wanted to know* if there w'os any indication of the type of medicine used by 
the jx'Ople of the Indus X'alley civilization. 
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Db. S. K. Cuattebji. Legal medicine, iU study and practice in India (from a 
historical point of view). 

‘ Legal Medicine * is a branch of medicine which deals with the application of 
me<iieal knowledge to the purpose of the law and ‘ Toxicology * forms a branch of 
the study of Legal Medicine. 

The subject of Toxicology, has been dealt with in the Atharrareda under the 
heading Agmla Tatdrarn and in the Suirutasarhhitd under the heading Kalpasilui- 
nam, and though codes of law regulating the medical profession are to he found in 
the \'edas and the Codes of Manu, the first systematic study of the subject of Legal 
Medicine was actually started in the Western countries. 


Section V. General Problems, Methoos and Philosophy of Science 

Chairman . . Dr. R. C. Majumdar. 

Rapporteur . . Dr. A. S. Altekar. 

Mr. a. Rahman. Social factors in the history of sciences in India. 

The main thesis of the paper was that teehniejues of an epoch determine the 
philosophic ideas and intellectual atmosphere. Th(' j)a])er explaim^d the point by 
taking Indian examples. It divided Indian history into three main periods as 
follows : — 

(1) Archaeological, i.e. Mohenjo-Daro period: No written records of this 

period are available. However, from the archaeological data, one 
gets a i)icture of India, which resembles that of other civilizations of 
those timers. In fact the first* technical rov^ohition had taken place 
in history round about 4(KM) B.C., and by roughly 3(M)0 B.C., it was 
completed. It inv'olved the use arid control of (ire, control of Hood- 
ing and irrigation and technique of agriculture, domestication of 
animals, smelting and use of metals, invention of the plough and the 
wheel, potter’s wheel, wheeled carts and probably the spinning wheel. 
The basic factor underlying these diseoveric^s was the division of 
labour in society. A vital question arises, as to wliy the existing 
techniciues did not develop further. Possible causes arc the follow- 
ing : (a) division between technicians and scribes, (h) jiolitical sup- 
pression of inventions. There is need for research to find out the 
real causes. 

(2) The period 6(>0 B.C. to A.D, 6fK). This period is characterized by 

religious reform movements, such as Buddhism and tfainism. Wc 
• do not have much documentary data on the technical developments. 

However, monuments such as the Iron pillar at Delhi, speak for the 
skill and understanding reached in technical processes. There is 
considerable development of fields of learning, such as astronomy, 
mathematics, and medicine. In this jxjriod, there also existed, 
materialistic systems of philosophy, such as the Nastika, Ny&ya and 
Vaise^ika systems. A noteworthy feature of the Vaise^ika system 
was the development^ of an atomic theory by KanS^da. Barring, 
some differences in detail, the development in this period also is 
very similar to that in Greece and other countries. Again the 
question arises as to what were the socio-economic and political factors 
that came in the way of further development. 

(3) The third period of an outburst of cultural activity start^s round about 

Akbar’s time and continues up to the time of the British occupation of 
the country. But this was the activity of a feudal society as distinct 
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from a mercantile society. Artisans and peasants had no incentive 
lor inci^jased pnxluction as they felt economically secure under the 
feudal lords. There were probably prejudices against new professions. 
Oheap labour obviated the need for machinery. All these factors 
hindered t/cchnical progress. 

In the eighteenth eiuitury interest in Astronomy was revived under the patro- 
luige of Raja Jai Singh. T'lie question arises as to whether India, if left to itself, 
would hav(‘ developed towards industrialization, or whetlier the presence of the 
British was necessary for a technical revolution. A proper appreciation and 
investigation of such factors will help us to understand Indian history, and it will 
be a contribution to the history of sciences. 

l)iscus.4on. Dr, S. L flora, Dr. P. Saran and Dr. A. N. Singh put varying 
d('gre(vs of (‘inplirisis on tlu? induence of environment and of individuals on the 
growth of scicn<'< s. l>r. N. V. Chakravarti suggested a more careful study of the 
prehistoric nuu» ; and Dr R. (!. Majumdar .suggested the same for the \ edic period. 
Dr. All('kur stati^l that Ihi* use of the scriptures for reconstructing th(‘ history of 
scafrnces, was justi liable where no other data are available. Dr. Ikigchi drew' a 
distimdion Ix twccn (Irei k and Indian genius, saying that the latter was mon‘ 
rnctaphy.si(‘al than practical, and that the Indians w'ere satisfied whenever an 
invention wa^ just siilhcicnt to rne<t. the need of the hi)ur. Mr. Rahman staled in 
his reply that wc* should reconstruct the atmosphere of each age to understand its 
scientific achiirvenu ritH ; and that to discover the cause t>f progress or stagnation is 
the most imp<irtant <li\sideraluin for historians of science. 

Dr. P. (a iivocifi. Indian .sciences in the Far Fast. 

Dr. Bagefii tried to jinne that the ({reeks and the Indians were Uie only two 
p(M)[)le which cofitiiuKsl to ch velop scientitio knowledge, sometimes in collabora- 
tion, alter the full of thi' ancient eivilisutions of Egypt and Babylonia. They were 
also responsible', ac<‘ordirig to Dr. Bagchi, for the dissemination of scientific know - 
b'dge among dillerent pi'oples. The (rieeks transmitted it to the Christian world 
arul later to the Arabs while India transmitted it to Eastern Asiatic countries, 
( entral Asia. (Uiina, 'fibe t, Mongolia, Korea, tlapan and the countries of the South* 
East Asia -Indo-Cluna and liidont'sia. 

Elements of Indian seicntilic knowledge first infiltrated to f’hiiia as early as 
the third century B.C., most probably through the Scythian intermediaries of 
Central .Asia, In this period the Chinese receiv''e(l Indian geographical know- 
ledge-- tlu' eonee[»tioa oi a i entral mountain from which rise four rivers, the theory 
tfiat the earth eonsisted of seven continents surrounded by seas and situated around 
the central mountain, etc Some elements of astronomical knowledge were alsc 
transmitted in this period, such as the knowledge of the 28 lunar mansions, the 
know'h'dge of tlu' distinction of planet.s from the stars, etc. The first calendar was 
prtqiareil in lt)[ B.C. but as the knowledge of the precession of the equinoxes was 
still lacking, tht* s<)lstieial points w'ere taken as fixed. 

Direct contact between India and China was established in the first century B.C. 
and that It'd to furtlu*r development of astronomical knowledge. During the next 
few' ct'Dluries greater pn*.oision was arrived at in the matter of calculations. In 
the sixth century, a number of Sanskrit astronomical treatises w'ere translated into 
(Chinese and in the' sevmith century Indian astronomers were appointed on the 
otiioial Astronomical Hoards. 

Kiiowledge of mathematics also w'ent to China along with astronomy. Mathe- 
matical treatises composed in China during the first few centuries of the Christian 
era si^em to hav'e been based on Indian mathematics. The texts are called Ching 
SiUra in the Indian fashion. The unknown quantity in Algebra is called Vien-ynan 
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'monad’ which seems to be a translation of Sanskrit \‘Ija (of Vljaga^ita). The 
solution of the indeterminate problems is called pulverisation which is a transla* 
tion of Sanskrit kuttikara. In tlie sixth century, a number of Sanskrit Mathe- 
matical texts were translated indi Chinese. China transmitted these elements of 
Hcientilic knowledge of astronomy and mathematics to Korea and Japan. 

Indian medical texts were in use in the kingdoms of Kastern 'rtirkestan iluring 
the first few centuries of the Christian era. Some of tliem wt^e ev^en translated 
into local languages. The Chiuesc also borrowed numerous elemcaits of the Indian 
medical sysUun. Although translations of Sanskrit original texts in (.liinese are 
few, the Chinese medical texts contain a large numher of na.ni(‘s of Indian drugs 
and besides the Indian * theory of wind \ 

Indian medical texts were trauslatt^d into Tibetan after the seventli century 
and subsequently they were carried to Mongolia w here they were translatc'il into 
Mongolian. 

In the Hindu kingdoms of South- Kast Asia, Indian mathematics, astnmomy 
and medicine were studied in Sanskrit original. What inllutmce they have left in 
those countries afti r the disappearance*, of direct Hindu inlliience still remains to be 
dificovertd. 

In the discussion period, |)r. A. N. Singh suggested that translations <»f the 
(Jiinese works showing the iiitinence of India, would t*nahU* us to get a clea.n'sr 
picture about tlie Indian sources. In his vi<*w the* inti^rpolal ion of a few Creek 
words into Hindu Astronomy does not prove* tlu*. (‘xist^mci* of a dominating 
inllnencc. 

JJli. A. S. Altekak. a pcriodwmi mid criiicAil Hurvv.y of India's achmmuenU 
in the scicniijic field. 

The data available for reconstructing the history of sciences in ancient India, 
arc rather scanty, 

Th(' History of Sciences in India may bedivifl(*d roughly into four periods, viz. 
tlie early \ Cdic period (r, 2(HKi B.(\ to 1(M)U B.C.), tlu^ later Wdie period (c. I(MM> 
B.C. to ooo tin* Nandadjlupta p(*riod (r>(Ht B.C. to A. I). 50U), and the, Karly 

Mediaeval Period (A.I). 500 to A. I). 1200). 

In the early N'edic period, th<* Indian Aryans wen* emcTging from tin* jiastoral 
to (he agricultural stage. I’etiple luul an open and enquiring mind and niamml 
labour and arts an<l crafts werc^ not lu*l<l as plcbian. Practical m*eds of the society 
determined the direction arid progre.ss of science. Tlu*. year was taken to be of 12 
mouths or 350 days. An inUT calary month was adchid to equalise’! the solar with 
the lunar year. Sonu* planets wvro distinguished from stars. The phenomenon 
of eclipses was noted but its cause was not known. Diseases were attributed to 
malignant spirits. Charms as well as herbs were used to cure thescj. 

In the later ^'cdic period, respect for tradition was clevc^rly harmonized with 
regard for progress. Astronomy, m(*dieine and jiractical g(»ometry wr^n^ de.V(do]K*d. 
The processes of obtaining metal from ores of the gold, silver, copper and iron 
were well known. Foreign contacts were few. 

The Nanda-Gupta period was a creative and fruitful period, niere was 
intellectual contact between the Greek and Indian scholars. However, the, borrow- 
ing was by no means blind or one-sided. There wa.s r(*markable progress in 
Astronomy, Mathematics and Medicine. The diurnal motion of the earth and the 
true causes of eclipses were knowm anfl the decimal notation was invented. The 
medicinal system was still mainly herbal but dissection was practised for first hand 
knowledge of anatomy. There was progress in metallurgy and practical arts. 
China and South-West Asia came under the influence of India. 

Early Mediaeval Period — In the fields of mathematics and Astronomy VarSha- 
mihira, Brahmagupta, Lalla and Bhaskara were the principal authors of this 
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perKKl. Some of their works were mere manuals ; but others record considerable 
progress in mathematios and astronomy. Brahmagupta discovered the solution 
of the second degree indeterminate equations. Many previous observ'ations and 
calculations were corrected. After the rise of Islam, there was contact with the 
Arab scholars. In the realm of medicine mineral preparations, especially of 
nurreury, we re introduced. Huge temples w<*re erected in this age, in Orissa, Bundel- 
khan<l arul South Imlia, showing considerable knowledge and progress in civil 
<‘ngineering. 

Sev^eral n(‘w developments of this jKTiod were detrimental to the progress of 
scienc«‘, for example, (i) veneration for old traditions tended to stille new discov^'er- 
ies, (ii) arts ami crafts were regarded! as plebian, (iii) the scholars became narrow 
and liigoted, (iv) royal support no longer remained available for Sanskrit learning 
after the disappearance of Hindu rule. 

The rational outlook on life is now' reasserting itself. Progress in science and 
industry is the first and foremost concern of our modern univ'ersities and govern* 
ments. Wr may, t liendore, look forward to an era of fruitful scientific and industrial 
progress in the country. 

I)R. li. Srifntijir arhif^rementM of the ancient chroiut- 

hujiral and HtM'iolatjiral haelc'jfoand. 

Dr. Majurndar ()egan by emphasi/ang the need for an understaiuling of the 
real (connotation of the phra..sf' * Sci(‘ntifie Achiev^ements He stated that we 
(cannot sp<*ak of sc'ientifie acliimvinent unles.s we have a clear evidence of sy.sternati(* 
thought and cand’ul obsi rvation of the ph(mom(*na of nature. He gavc^ examples 
of what lie considers as sound and unsound judgments in this connection. 

Kiirtlu*r fie de/ilt with tlu* ditfi(.nilti(\s of fixing the dates of the earliest works of 
literature and science; and tentatively fixed limits for the more important on(‘s. 
A not(‘ of caution was soundi'd in the ca.se of treatises w'hose v'ersions now' availabh* 
are revisions of th<* (»arlicst texts. 

Dr. Majurndar thiui discussed the probable lines of scientific progress in different 
periods of Indian History on th(» basis of such sociological and political factors as 
are fairly well-known to us 'flu* earliest period repnvsented by the civilization on 
the banks of the Sindhu, and reaching hack to tlie third millennium B.CJ., contains 
eh'ar tract's indicative of scientific knowledge of a fairly advanced type. The early 
X'edic ag(' was also conducive to the grow'th of Science. But then follow'ed a 
reaction in th(' later \'('(li(? Agt^ in w'hieh all the t^'iulencies WTre opposed to a critical 
intpiiry into the problems and mysteries of physical nature. The sixth century 
B.(\, W'hieh saw the birth of heterodox religious sects like Buddhi.sfs and .fains, 
also uslu'rc'd in a rational age dominated by a new' anti critical spirit of inquiry 
vvhii'h favoured the grow th of scii'iiees such as medicine, astronomy, mathematics, 
mineralogy, elu'Uiistry, ('tc. 'fhese reached their high w^atormark of development 
during the (Uipta ag(' (A D. lloH-tiOO) which saw' a galaxy of scientists headed hy 
Aryabhata. Unfortunately the Gupta age also witnessed a revival of Brahmanical 
religion which, true to its old orthodox views, positiv'ely discouraged all arts and 
sciences and banned all advanced scientific views which were opposed to the old 
faith, belief, and conventions. Thus the normal growlh of scientific ideas was 
arrested, and a dark age set in when the Hindus lost their political independence 
in the thirtc'cnth century A.I). 

Discussing foreign contacts. Dr, Majurndar stated the follow ing : — 

There can be hardly anj*^ doubt that Greek astronomy exerted a great influence 
on the develo]>ment of that subject in India, but generally speaking the borrowings 
seem to have been the other w^ay. The Arabs derived from India a great deal of 
their knowledge of Mathematics, Astnmomy and Medicine, and they spread abroad 
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the Indian sy8t<?m of decimal notation wliich has n^volut ionized the grouih of 
Mathematics, and tlioreby also sciences in general, throughout the norld. 

The papers of Dr. Altekar aiul Dr. Majumdar were taken up for 
discussion jointly. Dr. Hasan and Mr. Rahman, piunled out that th<^ rise of the 
Arab school took place much earlier than the Ai)l)aside pt^riod. |>r. Hagohi stated 
that the Bfh<ttMimhHd is not a unitary work and the \vhf>U' of it. may not be the 
work of V’arahamihira. He also suggest tal the use of tlie works of Arab scholars 
whoresided in India for the purjme of reconstructing lustory. Dr. Dhar and Dr. P. 
Saran Avere of the opinion that a closer study of the causes of <l(*eliiu* of learning 
in India is needed. Dr. Murti stated that the achievemtuits of thi' ancient Indians 
should not Ik‘ dismissed as practical recipes and unverifit'd speculations. In his view 
tln‘ decline was <lue to lack of political tranquillitj^ and social security. Dr. Hora 
aske<l for information from the autliors regarding the Sanskrit literature on Z(M)logy 
knd Agriculture. 

Dr. Kothari remarked that the historians had been more critical in their 
approach, than the scientists. He also stated that progress of seienci' in Kurope 
after the Rcuiaissanoe had been due to ‘an 0 })en mind in a elosed system'. He 
<‘xplained the ‘closed .system’, as being one in which attention is directed towards 
particular problems as distinct from philosophical issues. 

Dr. Prijohi'toMo. Indojifsiav cvKural hUtory until the srfn niff nth rrntury. 

Before Indoiu'sia wa.s inhabited by th(» jm'sent. pt>pulation, the arcliipelago 
was occupied by peoples of Tv’egrile and VVe<lda origin. About 2,r>0b years ago, 
these original peoph* wt^re driven away hy Die Indonesians, who were coming from 
Asia. These settlers knew' navigation an<l astronomy, and w'(‘re skillcHl in growing 
rice, cattle breeding and the making of iron objects. 

The history of Indonesia b(‘gins with tlu‘, contacts with Iiulia at about the 
beginning of the Cliristian era. 1’heir greatest inlluenei* wan on .lava. Although 
there were certainly commercial relations hetwei^n the tw<» eountri<»s, yet the mon? 
important factor was the flow of Buddhist missifinaries from India, aiul of pilgrims 
to India. These contacts jiroduci'd a tine Buddhist art. 

Not only Buddhism, but also Hinduism enterc'd Indonesia. The Hindu 
influence w-^as greatest in ros]>eet of culture and the form of (lovernment. In addition 
to the information oVitained from Indian and Cliinesi^ sources there have? also been 
found in Indonesia some copper plates and stone tablets which hear witness to this 
intluencc. The Hindu influence on architectural art was strong in (kmtral .Java. 
In Easteni Java, the Hindu art w'^as gradually displacc^d by the original .lavanese 
art. Buildings in West .lava have left no remains, .as they w'c»re inad(> of fast decay- 
ing materials. The Eastern .lavanese art declined in the fifteentli century. With 
the arrival of Islam, the Hindu Javanese art continued to be looked upon by the 
.Javanese as the national art. Because the influence of the Dutch started in the 
17th century, a newr Islamic art did not develop. 

The Javanese literature was also influenced successively by the Hindu, Islamic 
and Europi^an cultures. The Hindu epics entered the Javanese literature also, 
though in a considerably changed form. In the matter of content, style and meter, 
etc., the Javanese literature followed the Hindu literature, at first. However, it 
gradually.evolved along independent lines. At last in the history of .lava, a Hindu- 
Javanese culture appeared, the kernel being of a Javanese character. 

Java, Sumatra and Bali were influenced by the Hindu culture through direct 
contacts. Other places in Indonesia were infltienoed in turn by these. Before 
Islam entered North Sumatra, it had already been much influenced by the Persian 
and Indian cultures. But from the nineteenth century onwards, religion developed, 
in an orthodox direction, as the influence of Arabia was felt directly. 

8 
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From (h<! sixU-with century onwards, European intluence began to be felt 
tlirough iniHHionarie.H. Since the s«:venteenth century Indonesia has been 
lutluericed principally by the Dutch. 

r>t Dr. N. V. Chakravarti r<‘m«'irkfMl that in tho In<lone«ian culture, 

iri<liji(k inllu<‘nc<' hiul hhuidcMl hartnoiiiouHly with tlu* local culture. Ah an example 
of tfiin, he cited th«^ fact that hoiih; of the Indian heroes wen^ believ’'ed by the Iridf)- 
nesian people to be their own heroes. 

Discussion on tuk Tkacuiincj of Historv of S<'iknck 

Mit, A, R\uvi\n. 77i< hi'ifort/ of .'ycif'ncj's awl .sontf problems of tmchitifj. 

Ttie pa]KT be j^iuj with a di.scu.sHioii of hf>w social environment moulds human 
activity, imiudin/.^ science. It continued as follows: — After the Renaissance 
th(u*e was a separation of the Humanities’ from ‘Science*. The reasons were 
that (a) the inlluenci* of scic^nce was mainly in the material lield, (h) whereas the 
‘Humanities’ were base<l on an app<‘al to anii(|uity, scienct*’ was a return to the 
eontiUfiplation of luutf^ facts observed by ex{N*rimentation, and (r) the newly born 
univtu’sities cncoura^^tMl sidiolarship, rather than the new methods of discovery. 

Our latest experietu^e shows Unit this separation is undesirable. Soicnee has 
begun to play a rlominant role in tlie activities of humanity. A j)()werful new tool, 
namely ‘S(;ientitic Ib'.seareir bus been forgcal (3ut of sci(‘ntilie activity, fdhical 
probhun.s arise in«'vitably, the atom bomb btdng an obvious exam[)le. This means 
tliat tln n* is a iumsI for general education, no less than for sptHualized education, 
'riiis dual lU'cd posi's a big pra(}ti(^al problem for educationists The situation is 
madt' more aeut\‘ by the lUot that in the teacliing of sci(Mice also, it has been 
<M>mpartmentalized into various branches. 

'r<*aeliing of the History of Sciences can bring out the artificiality of the diviiaion 
b(»tween seienc<‘ arul humanities, and between the various l)ranches of science. It 
will give an undc'rstanding that the growth of scien(*e is an cv^ohitionary process, 
in vvliieh many needs, conci'pts and techniipavs interact. Again, it will nut only 
iu'ing a new con.sciousness of the positive factors promoting the growth of science, 
but also lh(' rii'gative ones retarding it. 

Snell an understanding is vital for us in India. It will jmt the old and the new 
in tlieir profHT pros^N'ctive, and will facilitate the u.se of the scientific method in 
solving our problems. ^ 

'riu' s(‘i(»ntifio method has to be applied to education also. The universities 
havi* b(MMi trying to impart knowle<Ige which tlio students may be able to transfer 
into use later, 'riu'y shouhl give them the ability to discover and inv^ent where 
they mci't the ever new’ problems of life. Owing to historical reasons, teaching in 
Indian Hnivi'rsities has betm particularly narrow, and unrelated to the Indian 
social bjickgruund. Teaching of th(* history of sciences has been neglected, although 
it has rcM*<Mve(l considerable attention in foreign universities. 

Tlie point . howi'vi'r, is not t o giv^'c a background of science and humanities from 
mere lustorieal angle but to inipix'ss upon the student the historical nature of the 
process and bring home to him the dominant human tendencies in the various 
epo<‘hs of human histiwy. 

The pajH^r was accompanied by a proposed syllabus for teaching of the history of 
sciences in univ'ersities a.s a combined course for Science and iVrts students of IiiUt- 
mediate and Degree classes. 

Du. A. SiNOH, .1 hi^^tori/ of science^i course for undergraduates. 

The author presented some practical aspects of a course in the History of 
Soieneos for undergraduates, started at Delhi University, five years ago. The 
following issues w'ore raised : — 
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(a) Because of the limited background knowledge of the students, the subject 
matter should be restrictecl to a comparatively few topics of funda- 
mental importance. 

(h) It would be advisable to present the subject in t wo stages. In the first, 
the gro>^^h of sciences as a whole may be pn'sented against tht' back- 
ground of tlu^ liistory of mankind ; and t hus the s(KMal relations of 
science clearly brought out. In the* second stagi* the growth of the 
various branches of science may be taken up individually, the 
continuity f>f ideas being thus (‘mpbasi7.i‘d. 

(r) It is essential that examiners should havt* a eK*ar idea of tlu* objeetives 
being followed in teaching the Hnbji^et. This is espt'cially necessary 
because the subject is so vast and admits of s(‘V(Tal aj)proacbes. 

The ])a|)ers of Mr. Hahman and Dr. Hingh wen* taken up for discussion jointly. 
At. iir.st doubts were expressed regarding the utility of a eourse on the History of 
Sciences, under the present conditions. However, towards the erul of t lu* discussion, 
the eoneensus of O})inioii was that it would be well to make a beginning in this 
direction in spite of the existence of handicaps n'garding sourc'e mat«*rials and 
maturity of stud(*nts. I?i order to stimulate tlu* inten*Ht of stud(‘utK, i*xteiision 
lectures on sciences should be arranged. The t<*a<*bing of Hu* History of S<?i<*nccs 
may inebuU* Sectional Histories but it must also include a general survey in which 
tlu* various sciences are inter-related, and their int(‘raeti()u with society is brought 
out, 

OtIIKU PaPKUS llErKtVKl) 

A few papers w’f‘re received from authors, who could not lu* pres(*nt at the 
Sjonposium. The following are brief descriptions of the conterds of these ])ajK‘rs : — 

Dr. R. V. Seshatya.^ .IwrtVw/ Jndiati idmn of human (hvelopment , 

Tin's pape*!* draw^s attention to the (hirhlia (f jmnimd (older tluin tlu* Pim7i!^a>s), 
as a source of information regarding ancient Indian ideas on human devt'lopnu'nt. 
A translation and discussion of tw'o manirasi d(*Hcribing tluj various stages of dc*vad()p. 
ment of the human em))ryo, are given, 

Mr. N. N. Ciiatterjek.2 AncAeni fvdta'ft coniribniioTis to (jf'ology ami 
minoralofjy. 

In this paper a more or less literal translation is given of the passages in litcjr- 
ature, which deal with geological or mineralogical knowledge. The account is 
divided into the following periods: pre-Aryan period, \'edi(5 period, p(*riod of 
Kautilya, period of the epics, period of Puraijas, period of Caraka and Sui^mta, 
and Ku^apa and Gupta period. 

Mr. a. K. Yeonanarayana Aiyer.s Dairying in ancAeni India. 

The source materials are given as the Samhitas of the four Vedas, the later 
epics and Puranas, the ArthaSastra of Kautilya, some Tamil classics and ancient 
paintings and sculptures. Evidence is given of the veneration in which the cow 
w^as held even in Vedic times. The knowledge of the ancient Indians on the follow- 
ing topics is then discussed : dairy cattle, breeds and milk types ; thcj feeding of 
animals ; milk and milk products ; and the care of sick cattle. 


I Head of tho Department of Zoology, Annamalai University, Annamalainagar. 
^ Department of Geology Calcutta University, Calcutta. 

^ Retired Director of Agriculture, Mysore, 
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l)K. (Mhh.) Bani (’haitkrji * Mn^ical sri^rfce avd ^cirntijic rplaiiom }}€tH'een 
Hii-st find H't'il f/offi lh‘ hisiotiatl poifd oj vie tv. 

Tht‘ piiprr tht* tiri^ins of music, chaructcristics of Eastern and Western 

rniihie, unci the contacts h<‘t\veen East and West in this fii‘Id. 

I)it. P M. Mkhtx ^ 'I'he medivnl man and hi^ idenU in the golden age of 
Agnrreda. 

Tin* pa|M r <liscu-iS4 s the aims, fln'ss. liehaviimr anrl fees suggested for the medical 
practitioner, in the Indian medical literature, 'fhe ancifuits’ views regarding the 
Ivoynl Physic iiui. tin* attendant for a patituit, and quacks, are also given. 

l/r -(!oi.<>nhi, B. [i. K \TN \ The dndg of medical history iti India, 

1'he pap4 r discusses th(‘ approach to the stmly of medical lustory, the field 
to Im* covered, and tin* awmies still uiu'xplonsl. It also giv<‘s suggestions for 
la'seareh. 

.Mk. .P K Diiolakia ^ l*t(^jrrss 4tf sciencKs in Sonth A sia brfore the eighteenth 
re ntnnj. 

'riiis [)ap4‘r is a general survey. It includes many fjuotations from tin* source 
matc'rials. 

I)K K K. |)\TTv ■» Impart of fh' { nd nstrial feralntion on India's rconomy. 

Tfu' paper discusses how the most important iiulustry of medieval fndia, 
namely manufacture of (v»tton (’loth, wa.s gradually stilled l>y th(» advtmt of the 
Industrial llevolutioii in Kuropi* It tlnui th’serihes the changes in India's economy 
tlnit h»llovv(M| the dt'cline of India's cotton industry. Tln^ paper includes an 
exttmsive l)ihliograf>hy. 

• Tni'orn lUaiwun, .lonv'Sjvako, (’iilnUta. 

Ayiirvi'<l<i .lamaiigar, 

T A. M. C., Nf*\v D*'lhi. 

* Mining Kngineer, Dliun-mir (Mniiblium), 

** Hrofonsor of History, I’atna (’olli'g*', Patna. 
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APPIONDIX Vlll 
IIKSOIJTTIONS 


1. The Symposium recommends that National (Jroups alUliated to thi^ 
International Union for History of Seiemees lu‘ founded in each of the* participating 
countries of South Asia. 

2. This confenuiee of Indian historians and scientists resol v(*d that a National 
(iroup of History of Sciene(*s he formed in Inelia anel a (.■e)mmitte(* cemsisting e)f the 
following 1)0 instituteel to take* necessary steps to bring the* (Jrouj) inte) (*.xjs1emoo: 

Prof. K. C. Majumdar, Dr, A. S. Alte*kar, Dr. S. L. Mora, Dr. D. S. Kothari, 
Dr. A. N. Singh, Dr. R, (). Majumelar, Dr. Amarjit Singh, Pre)f. liam Jiohari 
and Preif, M. Habib. 

3. The Symposium further reseilveel to institute* a Be)ard undew the National 
Institute of Sciences of India fe)r the stuely of the* Jlislory e)f Scieaieeis. 
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APPENDIX IX 

IlISTOUY OF SCIKNOE AND TECHNOLOGY IN INDIA AND 

SOUTH EAST ASIA 

Puhlishea in SATVHE, \ ol. 108, July 14, IDol. Pages 641L 

'Fhr History ol the scif^nces, piire and appli<*a, in India and other parts of South 
Asia., ^till n^inains the gn*atest unkiioun (smtinent ’ in this world of study, so 
iinportunt for the general (?iilture history of nnuikind. It was, ther<*fore, an t‘Xeelh*nt 
id«*a to gather together in NovnnlHU* flloO a group of Indian and Soutli Asian seho- 
lars interested in the history of scienee, and to publish, even if onl\' in u provisional 
forrnj the {ia|>fTH whieh wen* n*a<l to the Hym|>o8ium. The result shows clearly 
that then* is an (*norinous amount of material alread^^ available for the work of 
sviilhf.sis, in which Wf* must attempt to place the d(*v(‘lopment of s(tienc(' and seieii- 
tilii* tln>ught in India in its jiroper framework of parallel developments, sonn* later, 
some earlier, in Eufopi* and in other parts of Asia. It is aNo clear, howt*v(*r, from 
the papers in this symposium, that the task is perhaj)s tht* most ditileult of all those 
whi<‘h fa<*(' historians <»f sra<*nee to<lay, owning to tin* c‘\tn‘nu‘ iin(*ei taint ies in 
tlie dating of tin* most important texts, and ev<‘n of actual objects whi«*h have 
survived. 

Some of the papers, such as tin* general surveys given l)y A. S. Altekar and by 
It. i\ Majumdar, are judicious and careful eoiicerning this, and will no doubt he in 
greatest demand if copies are avniluhle separately. Some of the spccialis(‘d papers 
(such as that hv Ik L llaina) ar<* also rca.sonahly cautious. Unfortunately, thi.s 
cannot he .said <d tlie majority of the pa[M*rs, which put forward cpiite unaeca^pt- 
ably t*Hrly d/itings especially for texts piir|K)rting to date from tin* first twi> mill(*n- 
nia HU. ; particularly had (‘Xamples arc the two papers on astronomy (by Shukla 
and Dixit) as vva*ll us others on chemistry (by N. R. Dhar), embryology (R. 
Seshaiya) and nnsliciiie (G. \ . Satyanurayaiiaraurti). The accompanying tabic 
shows tin* divergence of opinion. It is even maintained that the Habylonians 
ow(*d tin* sexagesimal division of the circle and the system of twenty-eight lunar 
mansious to Imlia In general, we tind throughout the papers too marked a 
chauvinistic tend<*ney, an effort to minimise foreign influeuccvs on Indian science 
and to ('mphasise all outward transmissions — tliis is, of course, all too easy so long 
as Indian history has not been provided with a slriijt chn)iK)logy. Typical of the 
(h*sire to mak<» a ease is the praise bestowed upon the potters of the Aloheiijo Daro 
(uvilisation (IV Kay), wh<*re no compari.son is made with other pottery products 
studied hy the author, nor is any ceramics expert cited whose opinion might curry 
wH*ight. Along witli th<*s<* tendencies goes the faub of trying to read too much into 
anei(*nt texts, as when the Pillar Edicts of Asoka or the text of the ‘ Artha^astra’ 
are appealed to us evidence for advanced fishery legislation (S. L. Hora) ; here the 
WTiter is roundly taken to task by a colleague (R. CV Majumdar), But great 
uncertainty .se(*m8 to reign, for the sceptic himself seems to be perhaps too sceptical 
regarding tlu* military use of arsenical smokes — which wx‘re certainly developed 
quite t arly by the Uliinese. So while most of the wTiters are too rash, oth(*rs are too 
modest, notably the wTitor on Siam (P. Rochanapurananda), w'ho disclaims any 
contribution of his owm Thai iH'oph* to science, failing to mention the w’ork of hi 
T.oubere’^ in the seventeenth e<*nturv, which shows that Europeans were at that 


I ii Symix^siuni on the Historv” of Sciencta and Teclmology in Sejuth Asia, 

OeUn. Nov. 1950. On?anised by U.N.E.S.C.O., and obtainable in mimeographod form from the 
ir. N. K.S.0,0. Field Stui'Hoo Co-operatiou OITlw, e/o University of Delhi . About 160 pages, mt^at ly 
minnH.>gmphod foolacap-sizo tyjicacript. 

* A New Histoneal itelation of the Kingdom of Siam. ... Ti A. P. Gent, F.R.S,, from 
the Fn'noli edition of 1691 (lx>ndoD, 1693). 
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time much interested in what the Siamese knew. Kven if this tuiiu'd out t4» bo 
mostly Chinese — as it did — Siam must certainly hav«> had sonnet hing to show in 
fields such as textile" technology. The same applies to the jiajier tm Indonesian 
culture (Prijohutomo). 

Until the problem of the dating of Indian texts is solved, all tho.se of trans- 
mission must remain im})o.ssible‘ to deal with. Hence the" e-onfidenee shown by 
jMipers such as that on Indian-Chinese" relations (1*. V. Bagehi) is e^ntirely tnisplaee'd. 
We cannot admit thc^ derivation of the Chincso lunar mansions from liuiia 
(probably both systems are ultimfttely Babylonian). It is absnrd iu claim Indian 
iiilluence on a mathematical Avork such as tho\Sun Tzu Suan Ching ’ (third century 
A.J).) on the ground tlnit tho word ‘Ching ' was afterwards used lor translating tho 
term ‘Sutra* in Buddliist texts — all canonical hooks were known as ‘(Miing' from the 
time of tJie Warring Slates (fourth c<‘ntury JiO.). Nor is iluTc any mention in 
this paper of the numerous eases whieli have been noted of the rea.ppearane<^ of 
Chinese mathematical problems in suhseqiient Indian texts. 
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Nevertheless, the study of the history of scienc(^ in India remains enthralling. 
The following words of Filliozat, ^ in the preface, to his recent splendid monograph 
on the theories of classical Indian medicine, arc well worth pondering : — 

‘Some may doubt the legitimacy of placing Indian and (Jreek scieiuie on tla^ 
same level, preferring to compare the former rather wdt-h that of Islam. Th<‘, com- 
mon opinion that Indian science lacked originality presupposes that it was d(;riyed 
from Greek science, and is, therefore, sister to the seicjnce of the Arabs. . , . 

‘This problem has been far too much prejudged. Indian scholars, rnovc^l by 
national pride, are prone to maintain that their sciences in high anti(|uity surpassed 
even those of today. In the West, on the other hand, many maintain that th(r 

1 Filliozal, J. Doctriuo Clussiquo dc la Modouino Indifniio. /my/. Nnt. ((\SJt.S. and 
Genthner, Pnris, 1940). 
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spirit of soi(‘Hl.ihc rewcurih could only have been born in Europi*, and that what 
HcioiK’e the ladiuris bad they borrowed. In either case the only proofs presented 
are a few examples claime<l as characteristic ami used as the basis for generalisa- 
tions, hypotln^Hrs taking tlie pluei* of facts which are still undisoove^rtxl or which 
people will im^ takf* tin* trouble to seek. Indeed, opinions rest on racial or national 
pre<o!ieeption.s ratln r than <in a profound eoniparative study of the two great 
scieiitilic traditions the \aliie of which is to ht* detenniiH’d. One notes also that 
those who Hpi a.k with the great enl c^rtiiinty in tliesi* matters are just those who an* 
familiar with only one of the lwf> tradititms, knowing the other only by scattered 
facts, studios whi(ih lhe\ are ijnal)le to appn‘(*iat<‘. I'o say nothing, of course, 
of those. ' ant horiti<*s ' who know' nothing of either of the two traditions about which 
they speak. 

*'riie gn* it.(‘Ht historians of sciiaiee hava* not always i^seaped from the incon- 
veuimiee of knowing nul\ nne sid** of the matter. Paul Tannery, so famous for his 
studies on ancient rnathematies, is an example. \V<^ know that the trigonometric 
sine is not meiitjonefl by (b'eek mathematicians and astronomers, that it was used 
in India from tin* (oipta period onwards ( f third century), that the Surya Sid- 
dhanta ( * fourth or • Idtli eetitury) giv<‘s a table of sines, that tin* Arab astrono- 
mers knew them from their Indian contacts and jiassed tlieru on to Eiiropi* in the 
} twelfth century, wlieii the work of al- Hat tani was translatefl into Latin. The 
only (‘onehision possible is that the use of sines was an Indian <lev (*lopmeiit and not 
a (ir(*ek one. lint 'raniierv, persuaded that the Indians could not hav(* made any 
mathematical inventions, preferred to a.ssunu* that tin* sine was a (beek idea not 
adopteii hy Hipparchus, wlio gave only a tahh* of (‘liords. For Tann(*ry, the* fact 
that the Indians knew'ofsiins was sullicient proof that tin*}' must liavi* heard al)OUt 
tht*m from the (Irct ks. 

‘ If this is the way \v<‘ an* to argue*, tlH‘re was never any scu'iice other than 
({r<*<'k science, and the (|uestion whether science has any origins other than the 
(Irei'k “ mirach' ” is sol veil in advance*. Only a profound study of Indian scientific 
developments in jiarallel w'ith those w'hi(*h took place els<nvhe*re about the same 
time's, can nna'ul the* degree* e>f originality eif that science, and hence* «‘uable us 1(» 
unde'rstanei the* reih* which India playeel in the history of tlie growth of maiTs know- 
ledge* of Nature/ 

In tile pre'sent symposium, the writer on Siam ends, somewhat pathetically; 
‘At ]»ri?s('nt we* all sea'in to helii'Ve that seieiie^e* is some*thing w-hieh originated 
e*spe'eially in Europe* and tin* Ne‘ar East, and that tin* Far East had no share in the 
building of this most important branch of human knowledge. Yet Asian eounlries 
sut‘h as India and ('hina were* important ea'iitivs of eulturc both materially and 
spiritualU. 'flieir ]u*o[iles had le'urneel heiw to ceiiitrol the natural world around 
the*m, auel to live a life* in which there* was loom for leisure, only it seems that the 
knovvK'dge* gained by (hem neve'r joined Uf» with what we know' torlay as modern 
scieiur*. Howvve*r, Asian pe*opIe now' line! no difliculty in h'arning science and do 
not lack ability in seie'iitiiie re*search.' 

In my eipinion, future re8(*arcli on the history of science and technology in Asia 
will, in fact, reveal that the aehicvoineiits of these peoples contributed far more, 
in all pro- Renaissance periods, to the develojnnent of world science than has yet 
htH*n realised. Tin* programme of Fillio/at is the answer to the perplexity of 
I locha na pii rana nd a . 


JosKPH Nkedham. 
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NOTE FROM THE PRESIDENT. NATIONAL INSTITUTE OK SCIKNOES, 
WITH REKEHEN( E TO THE REVIEW UK rilE SYMPOSIUM PAPERS 
BY DR. JOSEPH NEEDHAM, K.H S. 


Published in Xait4r(\ V<J. 168, Den iulu r 15, PJ5I, j). 1047, 


Dr. Joseph Nwdham hiis very alJy reviewed in Xa*utr {\'ol. 1(W, July 14, 1051 , 
]>, 64) the series of papers that were read at tlu* Syrupo.sium tui th<» ‘HiKPuy of 
{Sciences in South Asia’ ajid has drawn some pertinent eonelusiiuus therefrcun. He 
has, however, not been abJo to gauge the spirit in which tiu' Symposium was held, 
or expatiate on the new lights that were thrown on the* Hubjeet. Hi' has, on the 
other hand, omitted mention ci'rtain salient facts about the organization of the 
Symposium and the revic'W gives by omission the erroiu'ous impression that it was 
‘solely the work of the U.N.E.S.C.O. Seieniu* Uo-operation OHiee for South Asia. As 
Chairman of the Symp<isium, and ninv IVesident of the National Institute of 
Sciences of India, it is incumbent ujkui mii to clear Mu^ position as regards the part 
playeil by the National Institute ri'gardiiig the Symj>osiuin. 

The idea of holding a Sym]>oKium on the ‘History of Seiiaices in So\ilh Asia* 
w^as lirst mooted by Dr. I). S. Kothari, one of the Secretaries of the Institute, whieh 
received the su])jK>rt and eo-operatioii of the U.N . E.S.(\(). Scic'nee Coa>|>eration Ollice 
in Delhi. Accordingly, the SymiK)siurn was hold undiT the' auspices of the' National 
Inst itute of India, in collaboration with tlie U.N.E,S.(A(). Scicnee ro-operation Oflici*, 
in Delhi, from the 5th to 7th Novemlu'r, 165(t Kaeiliiies for holding the' me»etings 
and aceommodatie.)!! for the visiting dele'gates weae' ge^mrously pre)vide'd by the 
University of Delhi. A number of scientists, liistorians and oriental scholars from 
India and ahroa-d attended the Symposium and look })art in its deliberations. 
From the mimoographeHl c()j)i(*s of the^ papi'rs that had be^en cireiilated in advance', 
it was clear at tlie very outset tliat considerable' e'ontroversy was bound to rage 
abe>ut the dating of the most important te‘XtH and to ove'rcome this diiliculty a 
Chronology Committee, consisting of Instorians and scientists, was appoint enl at 
tlu' business meeting prior to the Symposium. This Committee felt tliat it was 
very diiricult to ascertain with accuracy the' dates of liulian literary works supposed 
to belong to the? pre-Christian era. But afteT diseu.ssing the malle'r at length, the'y 
recomme'mli'd that the chronological table given be*low, might be* taken as a work- 
ing hypothesis in connection with the' discussion of pa]>ers of the' Sym|H)siuni. Tlu*. 
table is based on the standard work UiMonj of Indian Lileralurc by Winternitz. 


CHRONOLOUR AL TABLE. 

Age e^f the Rgveda . . . . 2<MM) ILC. to 15<Hi R.C. 

Ag(M>f Samhitas and Brahmanas J5tHt H.C. to 8(M» li.(^ 

Age of old Upani^ads . . . . B.(J. to 566 B.(^ 

Caraka .. .. .. lot) A.I). 

Caraka Samliita, Kernel of . . loo A.I). but enlargexl in late'r time's. 

Sut^ruta SamhitS . . . . 2t)t) A.I). to 5t)0 A.I). 

Vedaiiga Jyotisa, Present text . . r>t)0 B.('. 

^ulhha Sutras . . . . 5t)0 B.C. and later. 

Dharmasutra . . . . 6tM) B.C. to 20t> B.C. 

Mah&bh&rata 

Manusmriti > . . . . 200 B.C, to 200 A.D. 

R^miiyaQa j 

The authors of papers were then a.sked to revise the*ir papers according to the 
dates given in the table for various texts but owing tf> veiry divergerit views, it was 
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ni>i liik*ndiHl to havr all the pap<.T8 puf>lishe(l in full. In rcYiewing that motley of 
papers, wliich \V(*re not authorized for publication, and by giving a note that mimeo- 
graphi d copies are available at the U.X.K.S.C.O. Seiencr (j> ujXTation Ottice in Delhi, 
Dr. Needliam lias unknowingly dorn* an injustice to the N.l.S.l, and to the organizers 
of the iSym|>oHium. A summary of the proceedings of the iSymposium is under 
preparation for publi(;ation hy the N.l S.I. 

The gn*at dilliculty with uhieh a scienti.st is faced for a study c>f the History of 
Seienct^sin India lies in tlie fact that the availal)le ancient materials and documents 
are written either in Pali or Sanskrit laiiguage.s with which he is generally not 
familiar. He has, then fon*, to defa rid upon oriental scholars for inter|)reiaiion8 
and eoirirnentarics of texts for dating aneieiit literatim*. Lack f>f scientitic know- 
ledgi^ among histc/rians and ori<*ntalists is sonu wliat, cvidi iit which makes it diflicult 
for thron to appre<'iate and evaluate scieiitilic tliought of amaent India. In the 
(‘aH<’ of tixing (if date.s to various texts, there is no unanimity among them. In 
eonsirleration of this, the part icipant.s in tin* Symposium eamc to a decision that in* 
futun^ seu'fitists d(*aling with the lli.story of S(‘icnces should give original texts and 
the nanu'S of the source books for refenmee by Ihi* historians and orientalists. 

The s<‘ieritists in India, us (‘Lsewhen*, hava* .sound i»\penencc of sifting and 
analysing thf*ir data bt fore arriving at any definite eom liisions. For instance, my 
<*ontributions on Fi.sherv l/egislat ion, based on and tlu* A.^oka Pillar 

Kdict wen*, nwid by many eminent oriental .schi»iiirs who have (expressed agr(*einent 
with tin* interpretations suggested by no*, and sims* tli(*ir publication, I havT 
re('<'ived a|)precia.l ion and agreement from many others As a matti r of fact, \viu*n- 
evei* any modi rn c-onserv^at iva* view on any mat its* is ehalh*ng(Ml, adverse comna rits 
art' likely to result. It is, Iherefon*, the duty of tlu' si ientists to make a correct 
afiproaeh to and apjiraisal of the seieiititie knowledge' of ancient luflians notvvith- 
starnling the prejiidiea’s that mav exist already about tin* history of India's cultural 
luTitage and seit'iit itie*. thought. ‘The study of tlu' history of seienee in lnelia\ 
as remarked by Dr. NiHMlhum, ’ remains (*ntJiralling.' 

S. L. Hor\ 


1 hava* read Dr. Tfora’.s ('ommunieatioii with intert*s( and sympthy. It 
was a griNit di>.appoiiitm<*nt to uu' that. I was not abb* to aeu'pt the invitation to 
participate [s'lsonally m Mu' (’onhnuiee, but after tht‘ puhlir ation of mv review 
in A'e/k/re 1 bt'came aware of tlu* work of the* Chronology Committee through 
the H'port [uiblished by Dr Horn at the eeuielusion of Dr. Wolsky’s review* in 
Archire^< / ntfrnttfinnnlrs (VUiMforit drs Scimcf s^ 4, 57S) (1951), and I was pleased 
to find sei mui‘h conconlanctj ed' view. My chief object in acceding to the 
n»i|uest of the Editors of Xntntr tliat I shoulel revic'W the conference papers 
sent to them, which neither the Editems ne*r I knew were in any sense 
unauthorized, was to eneoiirage interest in tlu' history of Indian contributions 
to science. 


JosKrii Needham 



A <X)NTRIBUT10N TO THE LIFE-HISTORIES OF STELLARJA MEDIA, 
LINN. ANl) POLYCARPOS LOSFLIEOlJi, BENTH. & HOOK. 

liy Nirajkjan Pal, MMc,, De/partment of lioiany^ Calcutta Vinvermiy. 

(Communicated by J)r. 1. Banerji, F.N.l.) 

(Received July 2: after revision October 1; read Octoljer J, 196 L) 

The family Caryophyllaoea? ineludeH about 70 genera and l,4r)0 
distributed mostly in the temperaio regions of the Northern Hemisphere, of wliich 
only 10 genera and 104 species occur in India (Hooker, 1875). In Bengal, the 
genera Stellaria and Polycarpon are represented by one sjweies each, namely 
media, Linn, and P. LcefiimjuB Benth. and Hook. 

ti, media is a member of the sub-family Alsinoidcoe. It is very widely 
distribxited and is very variabltH in its external characters. It occurs in waste lands 
around Calcutta as an aiuiual winter herb. 

P, LcefiingicB belongs to the same sub-family, but it is placed under tlie tribe 
Polycarj}€€B. In Bengal, it occurs as an erect or diffuse annual wx'cd in lields and 
w^aste places. It is locally known as ‘CJima sak* and is used as a green vegetable. 

Investigations on the genus Siellaria dates from the ycuir 1855 when Tulasne 
worked on the embryology of the genus. The literatiue up to the year 19110 lias 
been summarised by Schnarf (1911 1) and so it need not be repeated hen*. Since 
then tioshi (1936) has studied the life-history of N. media. According to him, the 
previous accounts relating to the dcAXIopment of the female gametophyte of this 
plant as given by Rocem (1927) and (libbs (1907) arc eontroflictory. Jt>shi’H 
observations also an? not v'ery clear. Maheshw'ari (1937) states, ‘The whole thing 
needs careful ro-invostigation. It would not be surprising if in a plants like Siellaria 
media which is so variable in other resiiocts, some <lifferenc*c may occur in the mo<le 
of embryo-sac development also, but tioshi s figures do not seem to prove that it is 
so . 

The genus Polycarpon has receivoxl very little attention from the embryo- 
logists. Roc6n (1927) alone has studied the embryology of P. Mraphyllum. 

Matbbials anp Metiiops. 

The materials were collected from different parts of Calcutta, and fixed on 
bright sunny days between 9 a.m. and 12 noon, during the period January to April, 
19^. Formal-acetic-alcohol and Nuwasebin’s fluid were used os killing and fixing 
reagents, both of which proved satisfactory. A suction pump was used to facilitate 
the penetration of the fixing fluid. The floral envelopes of the comparatively 
bigger bods were removed before fixation. The materials were dehydrated, clearwl 
and embedded in paraffin in the usual way, Sections were cut 8 to 16 /* thick 
depending on the stage required for study. They were usually stained either with 
Heidenhain’s Iron-alum-Haematoxylin or Newton’s Gentign-violet-iodine. 

Obsebyations. 

(i) Organogeny of the flower. — The development of the floral organs appears 
to be more or less similar in both the plants except for certain minor details. At 
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first a df>rne-Hhap?d floral primordium makes its appearance in the axil of a leaf 
(Fig. 1). Generally it remains enclosed by the leaf-primordium. Tlie different 
floral whorls arise? in acro|H;tal succession from the sides of this primordium. The 
primordia of the sepals differentiate first (Fig. 1). In S, wfdia, the stamens appear 
n<?xt. These are followed by the primonlia of the |>etals (Fig. 14), but in P, Lceflin- 
gim, the sequence is revt?rHe<l (Fig. 2). Tlie primordia of the cari>els in both the 
H[K»cies ap})eHr last (Fig. *1). 

fiendle (1938) states that the floral formula of *S. media varies considerably. 
According to him, tlu^ llov\er may have the formula k'^ 5 F 5 A 5 .|. 5 G 8 or S 8 P 5 A 5 G 8 or 
H 5 P 8 A 3 G 8 . The |Kdals nuty sornefirncs be absent. Observations made in the 
cfnirsf? of the present study bas(‘d on plants fixed from different Icnralities near about 
(’aleuttfi show that the flower is tyyneally }>entamerous and pt*nla(jyclie, the carjiels 
being generally five. It is interesting to note in this comieetion that Hooker (1875) 
and IV/iin (190*1) both leport variation of the carjKds from two to fiv''e. 

According to Kerjdle (1938), the flowers of the tribe Polycarpeas are reduced. 
OccHHionally the pt‘tals are absent afid the stamens are redueed in number. In 
P. LcRflingicR, howev^'er, the following floral formula has heem observed in course 
<d‘ tlie prescuii inveHtigalion : SgPgAsGa. liookt r (1875), Prain (1903) and Roc^n 
(1927) reportfsl tlie number of the carjXils as three. Sometimes it has bt'cn foimd 
to he four in both the plants. 

(ii) Derrlopmnit athi structure (jJ microspn/rs , — At first the anther is composed 
of a hornogtuieouH mass of rneristematic cells. It is somewhat circular in outline, 
hut as it grow's, it soon beeomes bdohed and later fourdobed. The arehc^sporium 
is hypoflermal in origin (Fig. 4). Four bands of primary arehesporial cells, one in 
ouch lobe, diffenuitiute in the anther tissue almost simulaterieously. Each band 
is three to six cells long and two to three eells Iroad. The numlxT of arehesporial 
cells is less in S. medin^ This type of extensive arehesporium in an anther has been 
reportf?d in some of the ndatod families, e.g.. Amaruntacefe (Joshi cV Rao, 1934; 
Kajale, 1940/i), Aizmioixe (Kajale, 1940a), Phytolaccacea* (Joshi ^ Rao, 1930) and 
also in S. media by Joshi (1930). The arehesporial eells can he easily distinguished 
by their larger size, greater ciironiatii ity aiul larger nindei. 

The primary arch(\sporial celKs divide pericliiially giving rise to a layer of 
primary pari<4/al or wall cells outside and a layer of primary vsporogenous cells 
inside (Fig, 5), All the^ arcliesporial c(dls, however, <lo not diWde simultaneously. 
The primary w'all eells irKTease in size and undergo perielinal divisions; the outer- 
most cells divide again and thus tliree cell-laycrs of jiarietal tissue are formed 
in-between the epidermis and the sporogeuous ciJls of the anthers (Fig. 6). The 
outermost layer of parietal cells develops into tlie endotheoiiim wdiich shows the 
characteristic spiral hands at rauturity. The middle lay<T of cells is crushed in the 
process of development and the innermost one gives rise to a secretory tapetum. 
The tap4»tul eells become biiiucleate during synizesis of the pollen-mother 
cells. Schnarf (1931) considers this binucleate secretory type of tapetum to 
be a characteristic feature of the order Centrosperma?. Joshi (1936) reports the 
presence of more than two nuclei in a single tapetal cell. 

The <livdsions of the primary aporogenoiis cells lead to the increase of the 
micro8|)ore-mother cells. In a cross-section of the anther of P. LajfUjtgitB^ 
generally five microspore -mother cells are found in each lobe, whereas in S, media 
the number is loss. 

Tlie microspore-mother cells are mostly polygonal in outline and are closely 
packed together inside the anther loculus without any intercellular spaces. They 
undergo a fairly long jieriod of rest during which the size of the cells os W'ell as 
their nuclei increases. Generally one big nucleolus is present in a nucleus. 
Sometimes in P. LceftingicB, a small globular buddike structure is seen associated 
with the nucleolus which either remains directly attached to or lies near it (Fig. 6). 
Du© to unequal rate of growih of the pollen-mother cells and the tapetal cells, the 
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latter get detached from the former. In P. Lceflhigias, this occurs during the first 
division of the pollen-mother cells. It is interesting to note that this phenomenon 
was also noticed by tloshi (1936). Tlie pollen-moth«*r cells first show signs of 
rounding up in the diplonema stage. In this stage, the presenw of cliiusmata in 
the separating bivalents is seen distinctly in iS. ntediti, whereas in P. haflingias it is 
not recognisable (Fig. 15). At diakinesis the bivalents come to lie at the periphery 
of the nucleus. They are mostly rod-shaped in ap^waranoe. The nucleolus 
disappt'ars. A carefiil examination shows that the number of bivalents in the 
pollen-mother cells of mtdia is 14 and in P. LafiingicB is 18 (Figs. 7 & 16), 
This number has also been found during the metapha-se of the first division. (Figs. 

8 & 17). Both the Ist & 2nd divisions apjwar to bo normal. 

Cytokinesis takes place by furrowuig. The arrangement of the pollen tetrads 
is mostly tetrahedral, but in a few cases isobilaternl arrangement has also been 
observed (Fig. 18). 

Both in S. vudia and P. Lwflingio), when first formed, the pollen grains are 
smooth and more or less triangular in shape. \'ory soon they increaso in size and 
assume a spherical form. The intine and exine liecome difiFereiitiatod. The 
latter is smooth and tliick an<l shows no markings on its outer surface. In P. 
Ltrflingice, the pollen grains show a jHJculiar interm(‘dia1e strueture. lliey become 
long and narrow and possess three alternate longitudinal ridg<‘8 and furrows (Figs. 

9 & 10). As they grow, they become gradually spherical in outline and at maturity 
they arc almost spherical. Erdtman (1943) rei)ort8 two tyiMJS of pollen grains in 
this family: — (a) Cribdlate (which is the predominating type) and (?;) Coljmte 
(tricolpate). It is interesting to note that in P. La’flingice, the pollen grains become 
tricoljxU*’. in an intermediate stage of their development. 

TTie germ -pores are somewhat circular in outline and proWded with a special 
marginal area as mentioned by Erdtman (194.3). The number of pores in the 
pollen grains of P. LwfiingicB is only tliree, but in S. media it is six or more. In 
»S'. aguatica, the number has been n^ported to be 12. The mature pollen grains are 
20-.35/[i in diameter in »S'. media and 16-30^ in P. Lerflingice. It is interesting to 
recall that the diameter of the jwllen grains has been recorded to be 36 in *S. 
agnatica and 29 ft in S. idiginom. According to .loshi (1936) the pollen grains of 
S. media vary from 18 to 30 ft in diameter. 

In both the plants, degeneration of the microsporcs while inside the microspo- 
rangium is a common phenomenon. They may degenerate in the tetrad stage or 
at a later stage, and the number of such degenerating microsporcs was found to 
be few or many inside a microsporangium. This phenomenon w'as also noted by 
Joshi (1936) in /S, media. 

The nucleus of the pollen grains moves towards the jHjriphery before division; 
a small generative nucleus is cut off which becomes delimited by a cytoplasmic 
membrane as is commonly seen in other plants (Fig. 11 ). Later on, the generative 
and the vegetative nuclei lie side by side in the cytoplasm (Fig. 12). The generative 
nucleus next divides to form two minute lens-shaped male nuclei (Figs. 13 & 19). 

The mature pollen grains are rich in starch grains. They attain maturity 
when the embryo-sacs of the same flowers arc in 1- or 2-nucleate stages. They are 
shed in the 3-nucleate stage which is considered by Schnarf (1931) to be a character- 
istic feature of the order Centrosperma?. 

(iii) Development and structure of the ovule . — The placenta is very massive 
and is composed of large cells surrounding the central vascular strand. In later 
stages of development it shows many lysigenous cavities in the peripheral region. 

The placentation is axile in both the species in the beginning, with two rows 
of ovules in each cell (Fig. 30). In P. Loeflingux, the number of the septa in the 
ovary is three and each of them is composed of about five layers of cells. These 
partition walls persist in the ovary even in the post-fertilisation stages. Later, 
when the embryo is fairly developed, these partition walls become crushed and 
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Fios. 1-13. roUfcarp<yn L<rflinifim. Figs, 1-3. Dovolopmontal stages of tho floral parts. 
X 120. Figs. 4-6. Devolopmtvnt of muTosporo-mothor cell, x 700. Figs. 7 A 8. Diakinesis 
and Mataphase 1 (polar view), x 15()(^. Figs. 0-13. Dovolopmont of pollen grains, Fig. 9, 
being T.S. of a ridged {x>Uen grain, x 700. 

Fios. 14-24. ^t^diaria madia. Fig. 14. Development of floral organs, x 120. Figs. 
I5-17. Diplotene» Diakinesis and Metaphose I of pollen-mother cell, x 1600. Fig. 18. Iso- 
bilateral pollen tetrad, x 1600. Fig. 19. Mature pollen grain, x 700. Fig. 20, T, S. of 
ovary showing the development of free central placmtation from the axile cotidition. x 90. 
?/«.• 21. Multiple archesporium in an ovule, x 700. Fig. 22. One-celled archeiqporium in 
divisional stage, x 700. Figs. 23-24. Stages of reduction division in the megaspore -mother 
oell, X 700. 
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obliterated^ and then only the plaoentation becomes free central. But in iS. media^ 
the septa which in the early developmental stages are live in number and are absent 
at the top of the ovary, degenerate very soon. As a ri'sult of this, the 
axile placentation becomes free central at an earlj^ stage of development of the 
gyncecium. The signs of degeneration of the sepia appear with the difl'erentiaiion 
of the megaspore-mother cell in the oxniles and l>y the time the chalazal megaspore 
begins to enlarge into embryo-sac, the ovary is completely one-chambered (Fig. 20). 
It may be pointed out here that Roc6n (1927) describes a t hre(* chambered ovary 
in S. media. 

The ovules arise as minute protuberances of the placenta. At lirst the tissue 
is uniform in structure with a tapering apex but soon the apical part of the tissue 
enlarges and differentiates as the massive nucellus. The integuments which are 
tw^o in number, arise from the base of the thick nucellus one after another in 
basipetal succession. They are first noted as amuilor outgrowths after the 
differentiation of the primary archesporial cells. Each integument is composed of 
t\vo layers of cells wliich seems to be a characteristic feature of the order. The inner 
integument soon covers the entire nucellus. Its apical region continues to grow' 
further and forms a cap-like Htruciure over the nucellus resulting in an elongated 
micropyle. It is four cells tliick in 7)iedia and three in P. Lceflingice. The outer 
integument docs not owrgrow' the inner, and so takes no part in the formation oi‘ 
the micropyle (Figs. 23 & 40). In S, media, during the later stages of the develop- 
ment of the o\aile some yellow granules become deposited in tlio cells of the outer 
layer of the outer integument and in the iimcr layer of the in)\er integument. In 
P. Laeflingice, no such deposition is, howwer, noted in the latter layer. The nucellar 
cap is composed of four layers of cells in 8. media. In P. Lceflingice, the 
sub-epidermal cells of the cap degenerate and the embryosac lies next to the 
epidermis, the cells being elongated radially, w^hich was also found in Siswivni 
portnhicaMrum by Kajalc (1940a) and in Trianthema mo7iogyna> by Bhargava (1936). 

Tn P. Leeflingice, a peculiar structure is seen associated with the I'unicle. After 
the differentiation of the integuments, the ovule assumes an anatropous form. At 
this stage the funicle is seen to branch at the point of attachment of the ovule on 
the outer aide. Tills branch increases in size, becomes tapering and extends 
up to the chalazal end of the ovule (Fig. 111). 

(iv) Megoi^porogenesiH . — ^Tho primary archesporium differentiates in the ovule 
even before the appearance of the integuments. Generally it consists of a group 
of hypoderraal and sub-hypodermal cells varying in number from 1 to 7, but in 
*S'. meMa the number varies from 1 to 4 (Figs. 21 , 22, 32 &. 33). Roc6n (1927) found 
only one archesporial cell in P. tetraphylhm . On the other hand, iloshi (1936) 
records 4-6 archesporial cells in 5. media. Dahlgren (1916) and Roc6n (1927) also 
described multicellular archesporium in different species of fftellaria. 

All the archesporial cells do not behave in the same manner. In S. media, 
one of the median hypodermal cells cuts off a parietal cell outside and then functions 
as the megaspore-mother cell. With the increasing size of this mother cell, the 
other archesporial cells become indistinguishable. In no case, more than one 
functional archesporial cell has been found. But in P. Leeflingice, their behaviour 
is different. All those in the hypodermal position cut off parietal cells and thus 
several megaspore-mother cells are formed. However, further growth of most of 
them is arrested. Generally only the median one grows further and as a result of 
this the other megaspore-mother cells and the remaining archesporial cells become 
indistinguishable. As has been observed by Roc^ (1927) in P. leiraphyllum, not 
more than one functioning megaspore-mother cell is met with. The cells under- 
lying the megaspore-mother cell are somewhat larger than the surrounding nucellar 
cells. These appear to be archesporial in origin, having been displaced by the 
developing megaspore-mother cell. Their number and arrangement are variable 
(Figs. 34-38). 
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In S. a normal linear tetrad of inegaiiporeB i« formed by the reduction 

division ot the megaMjK>re- mother cell of which only the chalazal one functions to 
gin* rise to a norinul type of embryo-sac\ I>ifi'erent ntages of this division have 
l>eeri oljserv'ed during the present inveHtigatioii (Figs. 23-25). But in P. LwfiinguB^ 
the bihiivioiir of (he mega.spore- mother cell during the reduction ditdsion is 
varuihle. After the heterotypic division, only the lower dyad cell divides again 
homotv pically to give ris<* to two inegaspores. Thus a row of three cells, i.e., one 
rnieropyhir dyad and two chalazal megaspores is formed (Fig. 40). In this case 
ofdy the lowermost rnegaspore ftmctions to give rise to a normal tj-pe of embryo-sac 
(Fig. tl). But in other cases, a normal row of four megaspores is seen of which 
the micropylar nn^gaspore is functional (Fig. 42). The pre.sence of a row of two 
iTH^gasporeH and one micropylar dyad (which may be 2-nucleate) and a normal 
linc'ar tetrad of im gaspon-s in the same plant has also been noted in the related 
familic^H, c\g., Arnarantaceje (Joshi ^ Rao, 1934), Aizoacea} (Kajale, 1940a) and 
Nyctaginaccic (KocYni, 1927). 

(v) /)f>r^‘lopwr)it fiJid orgafiisation of the embryo-sac . — ^Thc development of the 

embryo sae i.s of tlic Normal type’. The nucleus of the functioning inegasporcf 
lies in the c*entrc‘ of the cell and enlarges. iSmall vacuoles develop at the two poles 
of the c'c ll. Tlie nucleus divides; the daughter nuclei migrate to the two opposite 
poh's of thc! t rnhryo-sac. The embryo sae continues to increase in size and later 
only a i^higU vacuole is sc coi in the* centre. An abnormal case has been observed in 
/^ Lcefiimjim where the lwc> nuclei migrated towards the two lateral sides of the 
cmihryo sac and consc<|uently two big v'acuolcs apj)eared at the two poles. Some 
of the four nmieatc* embryo-sacs of /^ Laflirigue contain con.spicnioiis bigger nuclei 
tlian others (Figs. 13 44), On reaching the tw'o poles, (*ac‘h of the daughter 

nucici of the 2-nurleat<* embryo-sacs divide twice to form an eight -nucleate 
embryo-sac (Figs. 2S \ 45). 

"rhe^ organisation ot the ernbryo-sac! is of the normal angiosix^rmous type. 
The syuergids an* p<*ar-shaped witli v^acuoles at their chalazal ends. Egg-like 
.synergids with vac uoles at the micropylar end have also been noted in S. media. 
In oihcT case's, vacuoles are found at both ends (Fig. 28). In form the egg appears 
somewhat similar to that of the synergids, the position of the vacuole is, howwer, 
diffenmt (Fig. 29). The egg i.s mostly covered by synergids, only the rounded 
clistal ('nd beijig visilie (Figs. 28 tk 40). Tlio secondary nucleus is comparatively 
big ami lies very near the* egg apparatus (Fig. 29). The antipodal cells are some- 
what triangular in shape and lie together at the chalazal end. Their shape and 
arrangement an* variable (Figs, 28, 46 47), They are ephemeral in nature and 

at the time of fertilisation no truce of them is found. It is interesting to note that 
in P, titraphyllnm Bo< en (1927) observed three free antipodal nuclei. 

The matun' ombryo sae is curved like the ovule which is hemianatropoua in 
form. 3’hc cur\'atur<* is initiatc<i at the four-nucleate stage and after fertilisation 
it beisHnes very prominent. 

(vi) Ferfili<(itiort . — Fertilisation is porogamous and normal. The pollen 
tube passes through one of the .synergids. Double fertilisation has been observed 
in S, media (Fig. 29). 

(vii) Development of the endosperm . — ^The endosperm is of the nuclear type. 
The division of the primary endosperm nucleus takes place before the first division 
of the fertilised egg. Numerous free nuclei are formed which are mostly aggregated 
at the chalazal and micropylar ends of the embryo-sac. All the endosperm nuclei 
in an embryo-sac divnde almost simultaneously. 

Wall-formation around the endosperm nuclei is first noted when the coty- 
ledonary initials are well-differentiated in the embryonal mass. The process starts 
at the micropylar region and extends towards the other end. In S. media, wall- 
formation does not take place at the chalazal region which is absorbed in 
the free-nucle«r condition by the growing embryo. The endosperm cells are very 




Figs. 25-29. SteUaria media. Fig. 25. Linear tetrad of mogasporee. x700. Figs. 
26-28. Development of the ombryo-sacj. x700. Fig. 29. Double fertilisation. x700. 

Flos. 30-47. Polycarptm Lcefiingim, Fig. 30. T.S. of ovary showing axile placentation* 
x90. Fig. 31. Section of an ovule showing the outgrowth (aril) from the funicle, x260. 
Fig. 32. Multiple archesporium in the ovule. x700. Fig. 33. Ono^celled arohosporium in 
the ovule. x700. Fi^. 34-38. Different arrangements of the megaspore mother cells and 
the primary archosporial cells. x700. Fig. 39. Reduction division of megaspore -mother 
cell. X 700. Fig. 40. A row of the mioropylar dyad cell and two chalazal mogaspores. X 700. 
Fig. 41. Functional chalazal megaspore with degenerating dyad cell and other megaspore. 
X 700. Fig. 42. Devel^ment of the embryo-sac from the micropylar megaspore of a complete 
lijoear tetrad. x700. Figs. 43-44. Size variation of the nuclei in 4-nucleate embryo-sacs. 
X700. Fig. 46. 8-nucleate embryo-scio. x700. Fig, 46, Mature embryo-sac. x700, 
47. Structure and arrangemezft of antipo^ls. x 1600, 
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rich in cytoplasm and starch grains. The embryo during its development destroys 
th 4 ‘ endosptsrrn tissue. Only a thin layer of endosperm cells is, however, found to 
()«> capping the radicle of the mature embryo in S. media. The embryo-sao 
ulUmately assumes a horM:-»hoe-shaped form. 

(eiii) Dei f lopnienl of the embryo. — ^I’he fertilised egg rests for some time before 
cotnnicn<!ing activity. It (dongates rapnlly and has a broadened apex. No trace 
of syiwTghls is noted at this stage. The first division in the oospore takes place 
wIh'ii th(“ primary endos|)erm rnicUus has divided tAvice in succession (Fig. 48). 
'I’his «livisior 4 is always followed by tin; formation of a transverse wall giving rise 
to a primary embryonal cell m and a primary susismsor cell rb (Figs. 49 72). 

1’he two c«>IIm behave ditlerently during further development in the two plants. 

In .S', media, the basal <'ell does not di\idc further, but elongates and becomes 
hyi)ertrophie<l The api<;al cell alone divides in a transverse plane to give rise to 
n- and rd {Figs. 41t A .'lO). The.se cells next divide by transverse walls either simul- 
taneously or om* after th<‘ other and a five-celled pro-embryo is formed which 
nonuins a.s .stich until tlm longitudinal divisions take place (Figs. Wl-b;!). In ti 
Holilarv instan<-e, however, the a]ji<'al cell ec was found to divide longitudinally 
(Fig. .VI). 

For the sake of convenience the sp^ndfic cells of the pro-embryo are designated 
l<y HVinbols nsc<l by Soudges (1924) for Sagina procumhetm and are ns follows (from 
apex to base in llie (ive-celled eouditioii): I, V, m, ci and cb. 

The first two longitudinal walls apjicar in /' and m at right angles to each other 
(Fig. A.')). Iti a few eases the apical cell is found to have divided longitiidmally 
pri<»r to cither of /' or m (Fig. fifi). Almost simultaii(‘ous]y with the longitudinal 
dtvisituis in I' aiul m, th«* cell ci also di\i<leH transversely to give rise to ■« and //'. 
'I'his cell » is the lu'w fourth cell from ai^ox which forms the hypophysis (Fig. .55). 
The other cell «' may or may not undergo any more transv'erse division. If it 
•livides, it do«‘.s so <.ither simultaneously with or after the longitudinal division of 
» (Figs. 59 A rto). Those daughter cells of n* which may he called o and p (Fig. 61), 
may or may not <li\Tidc further. When they divide, they do so always in a 
transverse ilireetion and the divisions may take place once either in o or in both 
th(> c«'lls (Figs. 6.'t & 65). Thus the suspensor may be 2-5 cells long. Foc6n (1927) 
also describes a eonsi<lorably long suspensor in S. media. 

The next longitudinal division takes place in the apical coll (Fig. 65). In one 
isolated case, however, the hypophysial cell « was observed to have divided 
longitmlinally prior to the apical cell (Fig. 67). 

tjumlrant formation in V and m takes place in close succession which takes 
pbw'o first mostly in m (Pigs. 58 Sc 59). Tliese vertical ■w'alls are at right angles to 
the first longitudinal walls in the corrt'sponding cells. Ixvngitudinal division is 
next obs<'rved in the hjTvophysial cell v. This division occurs almost simultane- 
ously with or before the quadrant formation in the penultimate cell I' (Fig. 69). 
The third quadrant appears in n (Fig. 61), which may be considered as premature 
and differing from the sequence observed in Sagina procumbent by Souses (1924). 
In the meantime, the cells of the third tier m divide periclinally to give rise to an 
ootant tier (Fig. 61). Soon the penultimate tier V attains the same condition 
(Fig. 62). Meanwhile the apical tier ? becomes four-celled (Pig. 62). Afterwards 
these four cells divide again obliquely with the production of four inner and four 
•alter cells. Tims the dermatogen differentiation proceeds in an acroxietal order, 
which is a characteristic feature of tlie order. 

In the meantime the differentiation of the other two histogenio layers begins. 
The dermatogen cells divide only by anticlinal walls and so do not contribute to the 
inner tissues of the embryo. The inner two layers of cells divide again in 
a perielinal direction to give rise to an outer layer of cells or periblem and two inner 
layers of cells or plerome (Fig. 63). Afterwards, tlus outer layer divides again 
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periclinally to give rise to a two-layered periblem (Fig, 66), The cells constituting 
the pierome divide in all directions (Figs. 63 A 64). 

The octant derived from the apical cell I dhides nt a slow rate and gives rise 
only to the stem-apex of the embryo at a very late stage of development. The 
activity of the tier T is not rapid in the early stages. Later it gives rise to the 
cotyledonary initials which grow very Wgorously and develop into two large 
cotyledons. The third tier m di\'ide8 actively in both diroetions and difFcrcntiatcs 
into the hypocotyl and radicle, except the dermatogen layer of the rc)Ot-apex. The 
hypophysial cell n gives rise to a quadrant in an early stage of the development of 
the embryo as mentioned previously. Then the activity of this tit r is arreslt d for 
sometime, the cells dividing again tangentially, only when the cotyledonary initials 
are about to differentiate. The inner cells contribute to the dermatogen of the 
root-apex and the outer ones give rise to the median portion of the root cap (Fig. 66). 
The other cells taking part in the f(»rmation of the root cap arc the lowermost 
■two tiers of dermatogen cells derived from »«. These cells, to»), in their turn, 
‘ undergo tangential divisions and differentiate in the same manner as » (Fig. 67). 

The primary basal cell eb does not divide at all, but enlarges immensely. It 
has a very large nucleus situated near the centre surrounded by dense cytoplasm 
(Figs. 49-66). The nucleus becomes granular at maturity, takes deep stain and 
appears like a bunch of small beads. After the initiation of the cotyledonary 
initials, the activity of cb diminishes giadually and ultimately the growing embryo 
gets free due to the breaking down of the latter. Otherwise the suspensor cells 
gradually degenerate and in the mature seed their remnants are unrecognisable. 

The form of the mature embryo is somewhat semi-circular (Fig. 68). The 
inner cotyledon is seen to be smaller than the outer. Starch grains arc deposited 
in the embryo chiefly in the cells of dermatogen and cotyledons. The embrj'o 
completely absorbs the endosperm tissue except a small portion which forms a 
cap-like structure over the root-apex. 

In P. Laflingia, both the primary suspensor cell and the primary embryonal 
cell divide transversely again. The basal cell usually divides first though simul- 
taneous divisions and even the reverse sequence are not uncommon (Figs. 72-74). 
The four cells of the pro-embryo may be disignated as I, I', w and ci from apex 
to base, as used by Souses (19^) for Chevopodvm Bonvft^Henricvs. The 
penultimate cell 1' divides transversely to give rise to Ij'and fj' and thus a five-celled 
pro-embryo is formed (Figs. 75 & 76). The first longitudinal wall in the apical 
cell I appears in this five-celled pro-embryo (Fig. 76) but in a few cases the latter 
may increase in length due to the transverse divisions of ci or of both ci and m 
before the commencement of any longitudinal division (Figs. 77 & 78). The second 
longitudinal division occurs in the penultimate cell (J’ig. 79). In a solitary 
instance, however, the penultimate cell was seen to divide longitudinally prior to 
the apical one (Fig. 93). Meanwhile the two basal cells tn and ci divide transversely 
(Figs. 79 & 80). Soon the two cells of the apical tier { divide again vertically and 
an apical quadrant is formed (Fig. 80). The next transverse division occurs in Ij' 
giving rise to 1$' and 1/ , being adjacent to the penultimate cell 1% and the other 
being the hypophysial cell (Figs. 80 A 81). 

After this the cells of the penultimate tier Ij* divide again vertically and thus 
a second quadrant is formed (Fig. 82). Soon If undergoes a longitudinal division 
followed by a similar division in the hypophysial cell (Figs. 82-84). The latter, 
however,^ may remain undivided in a few cases until the apical octants are formed 
(Fig. 86). Thus the longitudinal divisions in the four cells take place in a basipetal 
succession as found in Boerhaavia by Kajale (1938). In most of the other 
investigated plants of the order, however, the order of these divisions is somewhat 
acropetalous (Sou6ges, 1920 and 1924; Joshi and Bao, 1934 and 1936; Kajale, 1936 
and 19406). 
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Xoxt* thi* apical quadrant gives rise to an octant by the formation of transverse 
walls. Thus two tiers of quadrants arise from the apical coll I (Fig. 85). Almost 
sirnidtanoously with it the cells of the penultimate tier li divide l)y perioliiial walls 
to give rise to another octant (Fig. 85). All the cells, however, do not divide 
.HirnultuTieon.'ily. Soon the* lowx*r four cells of I divide j)ericlinally to give rise to 
another pcuiulUmate octant tier (Fig. 86). Further divisions in the tier li take 
place by transverse walls and thus two tiers of cells are also derived from the pen- 
ultimate* c<*li of the fiv'c-celled pro-embryo (Fig. 87). Later, the four apical cells 
of I flivide by obli(pie walls (Fig. 88). Thus the dermatogen differentiation 
proccefls in an ucroja'inl .su<‘ccKrtion us seen in X. rufdia and other plants of the order. 
It is int.< resting to note, however, that the initiation of periclinal divisions occurs 
simultaneously w ith t)u* formation of transverse walls in the apical and penultimate 
tu rs, i.e., I and . Moreover, though the apjH^aranee of vertical w^alls is 
In buHipetal sucression, the fH*riclinal walls appear in an iicropetal order. 

Aft«T the iliffereiitiation of the dermatogen layer, the other histogeiiio layers 
(liHVrentiiite in the same se(juen<*<* us found in X. nifdia. The* two tiers of cells of- 
I divirle ebietly in vertical clirections and later different iat<‘ into the stem-tip and 
the cotyhMlon.s of the embryo. 3'be former is V(u*y small (*ven when the latter are 
fairly large. Th<‘ stern-tip arises from the central part of tlic apical tissue and the 
cotyledonary initials from the* |Hxipheral icgion i»t th<‘ latter. The next two tiers 
of c'ells are denvcsl from Ihc' penultimate cell // which gives rise to the hypocotyl. 
'fhc' third cell shows Ic'ss activity aftcT the* <|uaclrant formation. It gives rise 
to an oc tant ticx only in later stages of <*mbryo-flc‘\ (*lopment and develops into a 
scuni c ireular body which ultimately gives rise to the radicle. 

'rhe lirst longitudinal clivi.sion in the liypc»physinl cell I 4 takes place only after 
llu^ forrnati«>n of tw<» quadnints in the a{>ical c<‘lls. 3'hc‘ next Icuigitudinal divisions 
c^ommc iu'c* only after the' differemtiation of the histogcnic* layers in thc^ embryo 
(Fig. HO). Aftrrwards these ce lls divide laiigc*nt ially. The inner ixlls give rise to 
tile d< rmut«»g<ui of the root -apc.K and the outer ones to the rootcap (Figs. 90 & 91). 

Ah mentioned previously, the divisions of the basal cells of the five-celled 
pro-ernbryo an* initiat<‘cl simultam*ously with tla^se of the apical cells. These 
c'cdls di\id<* always transversely and iiUimatc ly a row of 5-10 susjxuisor cells is 
deprived as found in /\ tffrnphnUntn by Rocen (1027). In a very few* cases any one 
of the* .siisjHUisor cells may divide onc*e in a longitudinal direction but the suapensor 
m*ver bc»e.omc‘s biseriatc* or massive. Unlike X. inf din, the primary susjxmsor or 
basal ccdl divide s transversely in this jilant to give rise to all of the susixnsor cells. 
Roc'/'n (1927) dc\scTibeH a weak haustoriul basal ccdl in P. teriruphyJluw y which was 
not found in the present material. The mature cunbiyo is not exactly semi-circular, 
but it is bent prcuninently in the hypoootylar region (Fig. 92). In t\ tertraphylhiniy 
liin lm (1927) dc'seribed a slightly curved embryo. Tlu structure of the cotyledons 
is similar to that of S. media. Starc'h grains are found in the cells of dermatogen, 
pleronu* and the eotyh*(Ions. The endcxM|>erin tissue is completely absorbed by 
the growing emliryo and nothing is left even in the root-ajxx area. The size of 
the embryo is much smaller tlian that of *V. media. 

(ix) Polyemhryatiy . — A ease of polyemhryony has lieen observed in P. 

farfimyicB. Two pro-ombry<»s have been observed side by side in the sameembryo- 
Hfii', (Fig, 93). One is 7 cxils long with the ixmultimate cell undergoing the first 
longit\idinal division and the other consists of only 5 cells in a row\ The bigger 
pro-emliryo appears to have devtdoped in the usual way from a normal fertilized 
^'88* origin of the other is {>erhaps from one of the synergids. 

Doul)le nucelli in one o\nile have also been found in both the plants, each 
containing an embryo-sac in advanced stage of development (Fig. 94). 

(x) Development ami structure of the ^fed.~T]ie mature seed contains a large 
quantity of periaperm w^hioh extends from the base to the centre and is enclosed 
hy the mature embryo from three sides. The embryo is somewhat cylindrical 



Figs. 4d-71. Stellaria media. Fig. 48. Elongation of tho oospore in a curved embryo -sac. 
Two endosperm nuclei in the dividing stage. x200. Figs. 40-68. Various stages in the 
development of the embryo. Figs. 49-61. x200. Figs. 62-65. xl26. Figs. 66-67. x200. 

Fig. 68. x 26. Figs. 69-71. jDevolopment of tho seed coat. Figs. 69 and^70. x 126. Fig. 

71. x70. 

Figs. 72-97. Polycarp<m Lijpfiingias. Figs. 72-92. Various developmental stages of the 
embryo. Figs. 72-91. x200. Fig. 92. x30. Fig. 93. A cose of iwlyembryony showing 

two pro*embryos in a single embryo-sac. x200. Fig. 94. Double nucolli with two embryos. 
x30. Figs. 95-97. Development .of the seed coat. Fig, 96. x200. Fig. 96. x 125. Fig, 

97. x70. 
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and narrow, and licH at the peripheral region of the seed encircled by a single layer 
of porisjierna cells (Figs. 68 & 92). 

Two cell layers constitute the testa in both the plants. The cells of the outer 
liiycT l>ocome v'-ery big in size at maturity. Some yelloMr granular substance begins 
to be (bjpositf'd in ihese cells from a very early stage. Tlu* deposition begins at the 
chalaziil (^nd and extends towards the micropyle. In the meantime marked changes 
oevur in the cell walls. The outer walls of ihiso rectangular cells begin to bulge 
f>ut along with the deposition of the granules. At this time the nucleus lies near 
the outer wall of the cell (Figs. 69 & 95). Later, the convex walls of the cells 
become gr<*atly thickened; the cells become eompbdely filled up vith the yellow^ 
parliclcjs and the muib i become invisible. The cells fuse laterally vith each other 
to form a homogeneous mass of thick brown testa (Figs. 79, 71, 96 & 97), The 
inner layer of ctdi.s of tlie ^)uier integument n miiins imthickened. 

The tegmen is altogether absent from the seeds of P, Lajlh>yice. In course 
of development both the rdl lay(*rH of th<^ inner iidegument of the ovule are com- 
pressed and finally crushed. In N. viedia, a single layered legmen is present. Th6 
outer layer i.s destroyed during the developmental stages of the seed by the 
cora[)resHiori of inner and outer tissues. The inner layer of cells of this integument 
becomes hardoiK*<l by the deposition of some yellow particles prol^ably of the same 
nature as seen in the outermost cell layer of testa (Figs. 69-71). The structure 
of the Hced.s of N, rupflia is similar to that of A’, holosia studied by Boein (1927). 

Discussion. 

According to llendlo (1938), the placentation of the order Centrospermce is at 
first axile and later the free-central placentation is derived by the dissolution of the 
septa of the ovary. This condition has been substantiated by the present study. 
It is noial)lo, however, that the axile placentation is retained in P. LcpflingicB till 
the end. In P. titmphffllnvi, Roc^n (1927) observed the other type. 

Hoc6n (1927) first determined the chromosome number of aS. niedia as 2« = 40. 
This was cofifirined by .loshi (1936). Based on Paterson’s (1936) account, 

1 )arlington and Janaki-Ammal (1945) report the 2n number to be 40 and 44. Study 

of meiosis during this investigation clearly showed the presence of 14 bivalents in 
diakinesis and in tlio metapliase of first division. Darlington and Janaki-Ammal 
(1945) also n^pori the chromosome number ?? 10, 11, 12 and 13 in the genus 

Stp.Haria: the number a 14 as determined in the present investigation, therefore, 
tends to show that theri* is considerable aneuploidy witMn the genus. It can, 
therefore, be suggested that S, niedia, as occurs in lower Bengal, belongs to 
a different ecological species. The chromosome number in P. Lopfiiyigice in the 
present study has been found to be a ^ IS, This apparently has not been recorded 
before. The number n - - 18 has also not been previously recorded in this family, 
though the monoploid numbers 10, 12, 13, 14, 16 & 17 appear to be common. 

The number of intogumont s of the o\’nle has been found to be two onty. In 
P. Ltejlingim, however, an additional structure is foimd developing from the funicle 
near the haso of the ov'Ule and growing to some extent parallel to the chalazal 
surface of the latter. It, however, never grown long enough to function as an aril, 
but soon becomes arrested in its development. Kajale (1940a) also found a similar 
structure in Sisnriuni poriidacastrim where it covers only J of the ovule. He 
regards this as an aril. The presence of a third integument or aril was reported in 
Trianthrma monoggna by Bhargava (1936). 

In SiUne, Melandrivni, Agroi^iemma, Dianihvs^ LychnU and Scleratiihvs 
(Sohnarf, 1931) more than one arcliesporial cells were found by several investigatewB. 
Aoconling to Gibbs (1907), there is only one primarj' archesporial cell in the ovule 
of S, meMa, In the present study the number is found to be one or more, frequently 

2 to 4. Joshi (1936) also records the number to be 4 to 6. Dahlgren (1916) and 
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Booiii (1927) have foond several archesporial oclb in S. gratninea, 8. media and in 
some other plants of the family. Perotti (1913) holds the same view. It is 
interesting to note that in P. LoefiinguB this number is still greater. Bocto (1927), 
however, records the presence of single archesporial cell in P. letraphyllum. All 
the archesporial cells do not develop in the some manner. In 8. medm only one 
hypoderm^ archesporial cell functions as a megasporc-mother cell after cutting 
a parietal cell as has been previously observed by Joshi (1936). This agrees with 
the observations of Gibbs (1907) on 8. media and Souses (1924) on 8agina proeum 
bens. Boo4n (1927) who has worked on a number of species of the family did not, 
however, lind this condition except in Ggpsophila. Schuoi-f (1931) believes the 
non-occurrence of the parietal cell in Caryophyllacca' as uncertain or a false lecord. 
The number of megospore-mother cells in P. Lcefiingice may be more than one as 
stated before. The presence of more than one megasporc-mother cells in Goryo- 
phyllacete has also been mentioned by Schuarf (1931). 

Gibbs (1907) described the development of embryo-sne in 8, media as of the 
'Adoxa type’ (then called ‘Lilium type’). Later Roc6n (1927) contradicted her 
and described the cmbrj'o-sac development of the same and many other members 
of the family as of the ‘Normal type’. Joshi (1936), however, gave an altogether 
different account. According to him, the development of the embryo-sac of the 
plant is either of the ‘Adoxa type’ as described by Gibbs or loss frequently of the 
‘Allium type’, but it never follows a ‘Normal type’ of development as described by 
Roo6n. He could not get a row of three or four megasporcs. Yet he mentions 
about the possibility of a ‘Normal typo’ of development of the embryo-sac in this 
species on account of its great morphological variability. The present investigation 
conclusively proves a ‘Normal type’ of development of female gametophyte in 
iS'. media. Roc6n’s observations are, therefore, correct. It is uitcrcsting to note 
that in P. LcefiingioB generally a complete megaspore tet rad is lacking, as the micro- 
pylar dyad cell generally dues not divide, but degenerates as such. In the few 
cases, where a complete megaspore tetrad has been noted, it is the micropylar 
megaspore and not the ehalazal one, whicli functions to give rise to the ‘Normal 
type’ of embryo-sac. Itoc^n (1927), however, states that t.he micropylar dyad cell 
in P. tetraphyllum always divides without wall formation and the ehalazal 
megaspore functions. . 

Gibbs (1907) opined that the primary endosjxjrm nucleus in 8. media divides 
later than that of the oospore. Joshi (1936) contradicted her. The present 
investigation supports Joshi ’s view. Based upon the nature of cell formation in 
the endosperm tissue Roc6n (1927) has placed the genus 8tellaria and the tribe 
Poiycarpea under the ‘Heliosperma type’, but the present investigation shows 
that the cell-formation in the endosperm tissue of P. L<xfiingice takes place through- 
out the embryo-sao and so following Roc^n’s system of classification this plant 
should be placed under the ‘Silene type’ and not under the ‘Heliosperma type’. 
The formation of a diverticulum of the embryo-sac which has been recorded in 
several plants of the family has not been observed in the present material. 

The two plants studied differ widely in their embryogeny. The sequence of 
transverse divisions in the oospore to form a hlamentous pro-embryo is altogether 
different. In this respect and in the later development of the embryo 8. media 
somewhat resembles Lychnis alba (Devine, 1960) and 8agina procumbens (Soudges, 
1924). But the sequence of cell-divisions in P. Loeflingia follows Portvlam sp. 
(Kajale, 1942) and Chenopodium Bonus-IIenricvs (Soudges, 1920) in some respects, 
^e number of apical cells taking part in the formation of the embryo proper is 
found to be more or less constant for certain members of the order, varying from 
three to five. In both the plants investigated this number was found to be four. 
Of course, the nature and differentiation of these cells varies widely in different 
members. In Sagina procumbens (Souses, 1924), Lychnis alba (Devine, 1960) and 
8tellttria media the primary embryonal cell gives rise to all the four apical cells as 
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uf*ll fiH tlu‘ MtisjxTiHor celln c^xcopt the basal one. In the latter, the number of the 
cr ll rruiy be in some rases three or four or even one. But in P. LceflingiiB 
ail thf* susjH^iHor cells are derived from the primary sus|)ensor or basal cell and the 
four apical eelin taking' j»art in the formation of the embryo proper are derived from 
the priniiiry embryonal (vll. 

A<<oniin^ to Johansen’s (194r>) classification, the sequence of embryo- 
dev’elopraent of N. invilia follows the ‘(-aryophyllad type’ as found in other plants 
of the family, but in l\ LajlintjicR it is after the ‘Solanad tyjK?*. Following his 
(1950) Law of l)estinutjoir the ernbryonomic formulas of Stellaria ynedia and 
Polifrnrpnh LaflingicR may be recapitulated in the following table to show' the 
relationsliip of the different organs of the embryo to that of the cells of the pro- 
embryo, which IS, however, very dilfercnt in the two plants. 

I. First (% ll (ienerulion: Pro-embryo of two cells diHj) 08 ed in two tiers. (The 
basal cell i.s omitted in *S. 

S. nu.dia l\ Lftflingive 

rr -pti f pro fra — tcc+co ' 

rd pho ! irr. j ire \ 10 | .s \ch — .s' 


II. Sc<*ond (\*ll (jlemuaiion: IVo-cinluyo of four cells disjjo.sed in four tiers. 


S. no dal 

L — pri 
r —pro 

tn — pfi}j t trr f irr 
ri — ro \ ,v 

HI. Third (V ll (jJoneration. 

N, nodia (Embryo of 7-S cells 
dispost'd in 5 tiers). 

l—prt 
V — pro 

tn — phjj i irr ire 

tt—co 

n ' — s 

1 V. Fourl h ( VU fleiKTalion. 

N, ttodut (Embryo of 2i) cells 
dispose<l in fi tiers). 

I — 

V — pen 

m — php -f icc i re 
n — ro 



P. Lo'Jlinfjice 

I — pro 
C - phi/ -Y icc i'tVc + co 


1\ J.ufliufjicB (Embryo of 5-6 cells 
(iisposwl in 5 tiers). 

I — pvl-\-j»co 
W — ij»/<y+icc 

W — i 


P. LuJlingicB (Embryo of 11 cells 
disposed in 7 tiers). 

I — prt-i~pco 
W — i phy-\-icc 
V — \phy-^iec-{-co 
m — (2-tiered) — 1) 
ri — (2-tiered) — J * 


V. Fifth Cell (loneration: (In P. Lafiingias only). Embryo of 14 cells 
disjMMtxl in 8 tiers. 

I — pvt-\p<:o 
1,' — i phy-^ icc. 

la' - I phy-i-ifc 

la ^~™co 

m — (2-tiere<l) — 

Cl— —{2-tiered)— - j * 
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In some members of CaryopUyllaceas the suspensor is massive or biseriate. 
In P. Lopflingia, however, it is miiseriato (though in some cases a cell is found to 
hav'c divided longitudinally) and derived entirely from the primary basal cell. 
An intermediate type as mentioned by Selmarf (1931) is found in Sagina proevm- 
bens (Souses, 1924), Lychnis alba (Devine, 1960), Stcllaria mcflin and in the genera 
Melandrium, ('erasthnu, Silene, Agrostemnia, etc. Here the basal cell is bladder- 
like and prominently haustorial in nature. The other suspensor cells in S. media 
which vary from one to four are derived from the. primary embryonal cell and are 
found to be normal in structure. A Aveakly dev^eloped haustorial basal cell has 
been found also in P. teiraphyllum by Roc6n (1927). 

Summary. 

The proKont pa])or with th<» dovolopmont i>f tho flowt'r, pollon, t^inhryo 

and MDod in SMlarift ntnlifi and Polyrarpon Lofliiiyim. 

• 1. 'Did organogeny of tlio flnwcTs is ncirinal, ox<*opt in *S*. nicdiu wJkmi^ tha slamoiiH arisa 

prior to the petals, fn Lftflimjice, the eondition of the axilo jihiiMintation is retained even in 
the young fruits, 

2. The tapetal eells in the anthers are hinueleate and are of the sec‘r<*tary iy\H\ 

S. Tlie haploid number of chronioHomes is !4 in S. ntpdut and IK in Lfrflingim, 
(’ytokinesia takes place by furrowing. The ]>o]len grains are spherical at maturity. In P. 
LafliugicB^ they art' deeply furr(»we<l in the intermefiiate siages of developinont. The pollen 
grains are rich in starch and are shed in the .‘hniich'ate condition. 

4. The <»v*uleH are henuanatr<ipouH and hitegmit*. The inicro])yle is foitned only by the 
inner integument. Die presence of a ntK'ellar cap over the oinbryo-sac is a characteristic 
feature. The nu<‘ellus is massive and the integxinients are two cells thick. 

5. The primary archesporium of the ovule is generally multiiidlular and hypodermal in 

origin^ but in *S. vtedin a single archt'sjiorial cell functions as the megasj>or(>-mf)ther coll after 
cutting a pari(‘tal cell. In P. however, mn’eral mother ctdls may be formed but only 

the median one functions. 

6, In *S', wedia, a linear tcdiad of megasiKU’CH is formed and the c4iala/.al rnegaaporo 
functitms to give rise to a ‘Normal type’ of embryo -sac. In P. La'flingim, however, generally 
a linear row of two chalazal incgasixires and one microiiylar dyad cell is formed of wdiicli the 
chalazal megasporc hinctions. In a few cases normal linear totriuls of rnf^gasporcH have also 
boon observed of which the micropylar one fimctions. 

7, Fertiliziition is normal and porogamous. 

The division of fVie primary endosperm nia-haiH takes place bcTore that of the oospore. 
The endfisperm is of the ‘Nia lear type’ and the nature of cell formation of thf' endoH}X3rm tisHiio 
confomiR to tlie ‘Heliospenim typ<i’ in S, media and ‘Silent? typt?’ in P. Lwfiwgim, 

9, Die nature of dovclopnit^nt of the embryo is diffc?n?nt in the two plants investigatod. 
The development of the embryo in S. media is after ‘C^ryophyllad type’, but in P, LoFjtingim 
it is after ‘Solanad type?’. In S. media the primary suspe^nsor cell beconu's bladde*‘diko and 
haustorial, while it Is not so in P. Lceflirtgias. In the latter, pc »lyt?m bryony has been noted in 
one instimee. 

10. The seed contains a large amount of perisperm, and a trace of (endosperm at the 
micropylar ond of *V. media only. Die testa is two-layered of whic;h the outer one is charatd-er- 
isti<,*ally thiek<med and mcKlified. In P. LopfiinguB the tegmen is absent, while iix <S. media it is 
one -layered. 

In conclusion, I desire to express my sincerest thanks and gratitude to 
Dr. I. Banerji under whost; guidance and care this work was carried out. I am 
also very much indebted to Principal J. C. Sen Gupta and Prof. P. Maheshwari 
who helped me uith literature. 
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Introduction, 


” From the optical principles of X-ray diffraction, the Intensity of the diffracted 
beam in any direction represented by a point (^, rj, J) in the reciprocal space is 
given by the equation (1913) 


I (f n . »in^nNir|) 

® 8in*(fl-f) 8in*(*nj) ‘ Bin*(7r{) 


where, ij, i are the components of the radius vector of the point from the origin 
parallel to the three reciprocal axes. This is not zero just outsicle the reciprocal 
lattice points, but has appreciable values throughout a continuous three dimen- 
sional envelope surrounding each reciprocal lattice points. The pattern and the 
volume of this envelope depends on the external shape and the size of the crystal 
particle, the thermal motion of the molecules and the lattice defects being neglected. 
The smaller the size of the particle the greater is the volume of the envelope. Later 
on Laue (1936) calculated a relation between intensity and the crystal form factor 
which represents the amplitude scattered imdcr given conditions by a continuous 
volume c^tribution of scattering matter haWng the same boundaries as the crystal 
and does not depend upon the type of the lattice upon which the crystal is built. 
Following is the relation : — 


/o (f. 0 


Lif Bip) 

sin wf sin irtf sm «■{/ 


where, E{p) is the crystal form factor, p being the vector distance of any point 
f , 7 ), { from its nearest reciprocal lattice point in the reciprocal space. By an exten- 
sion of his calculation he ^owed that the intensity distributions have projections 
perpendicular to the binding faces of the crystal. The larger the area of the face 
the stronger and sharper are the projections. These were termed as ‘Intensity 
Spikes' by Laue. The same calculation was further extended over the lines of all 
the edges surrounding the face of the crystal and it was further seen that 
the intensity distribution has subsidiary spikes in the directions perpendicular to 
surrounding edges. One entire intensity distribution pattern consists of a number 
of primary and subsidiary intensity spikes. 

This knowledge about intensity patterns from Laue’s calculation would very 
conveniently help to determine the shape and size of the submicroscopic particles 
of crystals- but owing to the following difficulties it was not possible : — 

(1) To take X-ray diffraction photograph of a single submicroscopic particle 

is not practically possible. 

(2) On the other hand, the resultant intensity distribution pattern of a large 

number of submierosoopic particles consists of many concentric 
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tracc*d out by the revolution of the reciprocal lattice points, 
with its Hurroun<liiig system of intensity pattern, about the origin of 
the recij)rocal latlic;i‘, as the centre of the sphere. The portion of any 
Hucjh spheres interst^cted by the sphere of retiection defines the cone 
of diffraction maxima and consequently, there appear only a broad- 
ening of tht^ Debye-Scherrer lines in tlie photographic plate. 
I’lierefore, the only thing that is left is to observe the change in 
intensity along the angular breadth of the lines. Thus a relationship 
has been de<lu(‘e<l by Lane (1926) and Schema (1920) between the 
breadth of the Debye-Scherrer lines as defined by them and particle 
size, for particles of paralhdopipod shajKS and cubic systems. 

It has In en shown by (iuinier (1939) that the shape and size of particles can be 
determined from low a»4d<‘ scattering also as this may be regarded as a broadening 
around the diffracte^l ray of index <H)0. In fact, the method of low angle scattering 
is more eonveni(‘nl than )iau('\s m<‘thod as the former dejKmds only on the shape 
and size of the particles and in<h‘jK‘ndent of their internal structure. 

That the method.s of pliysica 1 opf, ic K are applicable? to X-ray scattering at small 
angles was tirst pointed <ait by Uanmn and Ramanalhan (1923) in the case of liquhLs 
since for stnall angle scattering (he phase <lifFerenees between rays scattered from 
neighlxiuring atoms or molecules are negligible and the internal discrete structure 
may be oeerl<»oUt‘d. Tli(‘ sanu* arguments will naturally be apjdicablc to the solid 
state and so lor small angb* st?attering tlie tine structure of the scatterer is 
immaterial, only the sizes and shape.M of the crystallites are to bo taken into 
considerations, (biinii'r (1939) also arrived at the same conclusion after a very 
detailed and conqdex analysis. I’ho study of low angle scattering has therefore a 
Very wide scope <d applieattoti in the field of determination of the size and shape of 
partieleH as it <ioe.s not mattiu* wlietlier tlH?y are crystalline, amorphous or colloidal. 
In view of th<? importance of low angh? scattering and since the optical principles 
f>|‘'>blem we projMise in this pa|)er to investigate it as a problem 
ot rnumhofer diffraction. As th(‘ mathematics i.s considerably simplified in that 
way, it is exjMH*ted that tli(? scope of a])plicubility of the method of low 
angle scattering may bo extended to intwe ami more complicated cases. In the 
pre.sent <liHeussions we shall restrid ourselves to the cases of (1) sphere, (2) plates. 


Physical pRiNcirLEs. 

A jHuieil ot X-rays has been considered as a parallel pencil of optical rays and 
the purtieles ot any shai)e as continuously uniform aggregations of indefinitely 
small scattering unit.s among the rays seattereil from which there is no appreciable 
phast? difference The .scattering medium as a whole is also consider^ to be 
transparent to the rays. 

The maximum pliase difference between the rays scattered by tw'o neighbour- 
ing atoms IS given by 


(t sm< 


( 1 ) 


*** distance between the two neighbouring atoms and c the angle of 

aggregation of indefinitely 

ami H ^ ^ from the acatterers will be accordingly 

m those small volumes for all problems of coherent scattering, ^us we are 
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justified in considering our problem as one of a three dimensional Praunliofer 
dififraction. 


Tiirek Dimensional FBAiiNnopp^H Scattkhino Phknomkna. 

{General Treatment. ) 

Proceeding in the usual way of investigating t he Fraunhofer class of diffraction 
{ride Drude : Theory of Optic.8, pp. 18.5 and 214) we may put 

I = (2) 

% 

where, f » J cos (Ax+/i.v+w) dr. 


S = I sin (Aj'+jtty-f p:) dr, 



Aa> being the wavelength of radiation, 

«i> /®i> yi> being the direction cosines of the incident ray, 
and ao, Yo< being the direction cosines of the scattered ray, and A is given 

by 

/o = (3) 

where, /<, is the incident intensity and t the volume of the scatterer. Therefore, 
the expression of intensity for three dimensional Fraunhofer scattering becomes — 

/ 7 = 


Case of Spherical Particles. 


{Non- Absorbing. ) 

Preliminary Assumptions. 

For the sake of simplicity following assumptions have been made : — 

(1) The incident ray is parallel and opposite to the direction of z-axis. 

(2) The origin has been taken at the centre of the sphere and spherical polar 

system of co-ordinates has been introduced. 

Then, in spherical polar system the following relationship holds — 

! #! j8| * 0, Yi — cos n 

oo ■= sin « coBtj, /^o — ^bic sini}, and yo — 


where, ai. Pi, yi — direction cosine of the incident ray. 

«o»'/3o> yo “ direction cosine of the scattered ray. 

c the an|^e which the scattered ray makes with the z-axis, i.e. 
the angle of scattering. 

ij ss the angle which the projection of the scattered ray on the 
xy-plone makes with the x-axis. 
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• In the eaae of gmphito irradiated by copper K, radiation « = 6', ooa 6' 0-99999. 

Theroforo v » — 0*00001 e“0. 
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(iii) In the intensity equation (4) which is given by 

T“ -I (<'•+«*). 

/fl v» 

Then (4) becomes — 

/ O* 


(iv) 


(V) 


/O T* ‘ • 

xssr sin 0 cos ^ 
y sa r sin B sin ^ 

2 SB r 008 $ 

dr = sin 8 dr dB d^ 


(5) 


Now, 


^2w ««r -R 

C =a I I I r* sin d dr dB d^ cos [A sin B (!Os sin ^ sin 

*'0 0 0 

-2* «R 

— I I I r* sin d rfr dB d^ cos [rp sin B cos where ij) 

0 •' 0 *' 0 

= 1 I r* sin ® dr dB I cos \rp sin B cos d^' 

J J 


0 •' 0 


f2ir-n 

The Inteoual in 


2’^“’? t[fj; sin $ cos 

e 


ass I cofl [rp sin 0 cos 
-n 

=TleaI part in I 

-V 

2 ir_lj 0 

e d^' 

-V 

A2W-1J p (irp sin 0 cos 

x| l-f-trpsm^ cos^ -f — -i ^ ^ -f 

(irp sin $ cos ^ 


(fi) 




+ 

r2»-i7 


2m ! 




2it 


/•ZW-7 

I COB as 0, 1 cos* 

-1| -V 

*2w-n 

C 08 >f( 2 ^'« 0 , cos«f s2ir.i 

J -n •' -fl 


The odd powers cancel and conseqnently. 



(2m-l)(2m-3) ... 3.1 „ 
2m(2m-2) . . . . 4.2 
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Therefore, the integral in i.e. the real part in (6) 

, r, /■*;,* »in*0 I , r< 3 

+ — 4 f! - 8 + •••-•• 

(2/h — I) (2»i— -3) .... 3.1 p*" r*" sin** fl *| 

(_ )- . . . . 4.2~ 2;rt! • • • • J 


The Intkhrai. in 0 . 


"y (, 1)- . -4^1 . -g!L p»- ,2- fsi 

Z. ' ’ 2w(2/«-2) 4.2 2m J 


(2m-I)(2w-.3) . . . . 3. I 1 




Z. ' ' 2 m( 2 «/- 2 ) . . . . 


4 . 2 (2m) ! 


2m(2w-2) .... 4.2 „ „ 

^ ("2m Tr^m7r[rr.-Trr3 ^ 


Tiik Intechm. in r. 

.ijs ir • • • ■ 3-1 __L 

Z. ' ‘ 2m(2m-2) .... 4.2 ’(2m)! 

m « I) ' 

2m(2w-2) .... 4.2 


{2m + i){2m-l) 


•4.2 „ f 2 

r-TsTa-n ^ 

» (I 


2w + 2 .. 


i' 


p 8 « 

"(27n,+ lj'!’(2m+3) 




»n * 0 

wluTo pH =3 If, /f Wing the partii le size, 
Therrh^re, 

Z/ ^2m+3)!" 


From (.5) 


7l = ['-?+''‘(f40+T55) ] 
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By making particle size sufficiently small* in (8) we can write 




log / = - — «2«* log f+Iog /o 


. . (») 
.. (io)J 


jouinipr’s f( 


formula. 
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Plate Shaped Particxbs. 


( A’ on- Absorbing. ) 

Preliminary Assumptions ; 

( 1 ) A oirciilar plate haa been taken into conakleration. 

(2) The orijjin hiis been taken at the centre of the circle and its plane 

coincideH with the ry-planc. 

(D) Th(; incident ray in parallel and opjmite to :-axis. 

Then taking relation (i) of the case of spherical particles and previous others, 
following relations arc obtained 

•>» -« 

I r dr cos [r { A cos ^ d-M 8“' ^ } ] 

(I •' 0 

I r d<l> fir am [/*/> <ros 
^ 0 




wh*>ro, 


A 


in . 

" .sin € ros 1 } = /> cos 


Jstr , , 

fJL ^ Y m\ 4 Hill 1 ) sa p Hin 7), 

Aw 

<f)‘ sa i;. 


Integral in 


p2rr^V 


L’08 [rp cos f/0' 


Ural part in 


* '■7 




f-"’’ 

-7 


,trp ceM 


#' = j* l^l+tVp cos^'4- 


(irp cos 


2! 


(irp co8^')«« 

»* /rt \ ■ l" 


(2ot) 1 




As before, all the wld powers cancel after integration and only the even powers 
remain which contribute to real parts. 

Therefore, the integral in 


MV >» to 


‘ Z,' ’ "~2m(2m-2) 4.2 ' tliin ' 


w *f 0 


4 . 2 (2m) I 
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Intbobal ir r. 


= 2,T(-1)- ^ ^ . -1- P«- f V+l rfr 

• 2m(2in-2) .... 4.2 (2»i)t^ J^, 

„ "y"/ ,.,(2m-lH2w-3) . . . . 3.1 1 pi- 

2m{2m-2) .... 4.2 ■(2wi)I (2m+2) 

in » 09 

V^2nR*y (-l)"-irri «*- 

^ ' 2*'"+Vt+l)! »»! 


fii=^0 


=a 2ir/i*|^^ 
.Therefore, from (5) 


JiL 

2*. 4 


V* 

2* . 4* 0 


/o ^ 4‘^2!V4/6 

nt 

= e ^ (approx.) 



( 11 ) 


Approximation in (1 1) is done by making particle size sufficiently small as explained 
in the case of spherical particles. 

log / = - €iH* log e+log 7o (12) 

where u = pB = c/i as before. 

A 


Results. 

The theoretical equations (10) and (12) are for a single particle. But in actual 
practice we deal with a number of particles possibly with various gradations in 
size. So, w'hat we get experimentally is their average particle size. 

If n be the number of particles and Ji their average size, then equations (10) 
and (12) become, 

log I « «* log c-log tt-flog Iq , . . . (13) 

log / B» — ^€8.K* loge— logw-flog /o (14) 

Atgr 

respectively. The graphs of equations (13) and (14) become straight lines having 
slopes — 

4flr* jB* , , W* Tj. , 

— rr — log e and — Ri log e. 

oAm A»‘ 

From the slope it is easy to calculate the particle size. 

The author is grateful to Prof. K. Banerjee for his kind interest and advice in 
the work. 
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Abstbact. 

Ijiiif) r akrulAtf^i tho HhAp€i of iho intensity pattern rorresponding to tho shape of eryatallme 
partifTles. But that was not practically iisefdl for determining the shape of aubmicroscopic 
partiehHfi. Moreover, I^ue and S<?horrer*» formula of particle size aro only applicable for 
pArti<’lf^ uith rfu tangular |)amllel(jpi|icd shape and cubic crystals. X ray low angle scattering 
phenomena in universally uatTul for determining tlie shafKt and size of submirrosc'opic particles 
of <Tystala, Iir]uidR and amorphoua Hulaitances. By applying optical principles, tho formula 
for jairticle size and intenMity of X-ray low angle 8c;attormg has been obtained. 
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Introduction 

The visii)le part of the luiniiieseenoo 8|a*otra of antliriic(‘iie, impldhalene, 
•phenaiithrene, triphenyl methane and diplienyl, under X-ray excitation were 
measured arul repotted earlier (Bose, 1945. 1948); the ineasurenu'nts have now been 
extende<l to the near ultraviolet region and in th<? present papc'r arc reported the 
luminesoenee Kj)eetra of these samples under X-rays us well ns cathode, rays at 
r<K)m temperature (300°K.) and at li(|uid oxygen temperature. The long periotl 
decay exhibited by some of these compounds undi-r cathmlo rays have been studied 
and their thermolumine.secnce curves measured. 

The samples were purilied by vacuum distillation and their luminescence 
sjK'ctra under ultraviolet excitation measured for the sake f)f comparison; as the 
same specimens have been used in all eases, the effect of injpurity if any, is the 
same in different eases. 


Expekimkntai. Method. 

The exiK*rimental arrangement for X-ray excitation is essentially the same n« 
that reported by Bose (1945, 1948); for low temperature work, the substance is 
r\ibbe«l in thin layer on the flattened surface of a tube e.ontaining lirjuid oxygen 
and it is enclosed in a larger tube which can be evacuated. The open end of the 
inner tube projected outside and is the inlet foi litjuid oxygen. The outer tube 
has two windows covered with aluminium foil and (piartz ])Iate respectively for 
introducing the X-ray beam and for the transmission of luminescence light 
(Chatterjee, 1960). X-rays from a copper target at 40 kV. with 10 m.a. were 
generally used for excitation. 

In the case of cathode ray excitation, the cathode ray tube described by Bose 
and Sharma (1960) could be used for these samples also. The phosphors were 
excited by electrons of energy 2-5 kV. and even less where possible. Evaporation 
of the specimens is greatly reduced at low temperature and the stability of proper 
discharge condition can be realised by maintaining a high speed of vacuum. Even 
if the sample evaporates completely, fresh samples can bo deposited on the cooled 
surface of the sample holder by sublimation of specimen introduced into the vacuum 
chamber. The whole system (cathode ray tube together with the suction line) 
should be thoroughly cleansed before working with separate phosphors. The 
measurements on decay and thermoluminesccnce of some of these organio 
compounds have been carried out with the help of photomultiplier tubes; the 
details of the experimental arrangements for recording the decay and glow curves 
have been described elsewhere by Bose and Sharma (‘ On the long period afterglow 
of alkali halides under cathode rays’ — to be published shortly). 
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Results and Discussions. 

The luminescence spectra of these compounds consist of a number of bands 
which bccomt? c|uite sharp at liquid oxygen temperature. It has been found that 
the lumincwenco «})cctra under X-rays w cathode rays are not always the same as 
th'we exhibiU^d under ultraviolet excitation; in general, a larger number of bands 
are emitted in the former ease. The spectrum emitted under X-ray and cathode 
ray excitation i.s, however, identical in all the eases studied except for naphthalene, 
'fho ph<*s})hor sjKtcimens, of cour.se, get spoilt by cathode ray irradiation for more 
than few minutes. Hence the luminescence spectra under cathode rays were taken 
with a comparatively wider slit. As a consequence, the closely spaced weaker 
eomjsjnents which could be mea.sure<l from X-ray luminescence spectrum w'ere, 
in some cases, lost duo to overlapping in the ca.se of cathode ray luminescence. 

Under X-ray and cathiKle ray excitation most of these compounds show at 
liquid oxygen tempiiraturo a moa.surab]e afterglow which is most remarkable for 
triphenyl methane and can Ik* seen even at room temperature in this case. Under 
cathfsle rays, the ititensity as well as the persistence of afterglow is very prominent. 
The measurement of decay and glow curves have thus been carried out for some of 
these (Htmpounds urwler cathmlo ray excitation only. In recording the glow curves 
for those substances, it has been observed that as heating proceeds with consequent 
eva{Ktration of the stibstance, the discharge tube is gradually filled up with its 
vapour, aiul sudden Hashes of light are frequently emitted by the gaseous mass. 
This is evidently due to the fact that emission by collision processes occurs from the 
exeiftid molecules which have )))vs.sod into the gaseous state; this is perhaps one of 
the reasons why the glow peak which is a measure of the stored up energy of the 
phosphors, is so shallow' in the ejise of organic phosphors. It has been verified that 
thermoluroincHcenec exhibited by these compoimds is no fortuitous effect. The 
sample aft»'r being <ixeited at li(|uid oxygen temperature, may be quickly taken 
out of the discharg*' tidw, and increased intensity of emission on simple touching 
or fMXiring warm water can be easily observed in a dark room. 

Snphthalene : 

The luminescenee spectrum of naphthalene under X-ray excitation consists of 
a numl>er of diffuse bands extending throughout the visible region together with a 
grotjp of closely spaced sharp hands in the region .130-450 m/x. The ultraviolet 
group of bands is v'ery intense and can be recorded very easily w'hilc the 
comparatively weaker emission in the xisible region can be obtained only with long 
exposure. Umler ultraviolet c.xcitation naphthalene emits only the group of bands 
in 330- 450 mp region. At lifiuid oxygen temperature, the visible part of the 
omission is still more reduced in intensity and the u.v. band system is usually 
obtained by X-ray excitation; the band system shifts towards the shorter 
wavelcn^h side and becomes sharper at low temperature. The ultraviolet band 
pattern is absent in the lumiiiesconco spectrum excited by cathode rays; because of 
the low temperature, the emission bands in the visible region attain linelike 
sharpness and are resolved into several components. 

The ultraviolet bands of naphthalene excited by X-rays show an almost mirror 
image symmetry with the strong 260 m^i absorption of solid naphthalene terminat- 
ing at 296 tnp. Thus these two systems seem to belong to the same group of 
electronic transitions, Seshan (1936) from Ids absorption ^ta has 

assigned vibration frequencies of 260 cm.“* and 460 cm.“i for the ground and 
excited states of solid najphthalene respectively with 327 m^ ( = 30580 cm.***) 
as the longest wavelength limit of (260 mft) absorption bands of solid naphthalene. 
The mean vibration frequencies of 220 cm.-* and 470 om.~* for the ground and 
excited state respectively are obtained from the ultravidet fluorescence bands of 
naphthalene. 
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The emission bands in the visible region cannot be correlated with 
transition and seems to have a separate origin. There is nothing to indioat'O 
whether or not the higher excited states Bxu-*-A j j or (forbidden) are involved 

in the emission process. This also does not explain the low intensity of visible 
emission under X-ro}^ or the absence of u.v. bands under cathode rays, although 
luminescence in both cases takes place tlurough identical processes, i.e., through 
the intermediary of secondary electrons. It is pi>ssiblu that naphthalene is unstable 
under cathode rays and the unstable products or their recombination are responsible 
for these bands. In the case of cathode rays, electrons are abst>rbed within n thin 
layer and so the efifect is greater. That similar results are not obtained with other 
phosphors studied so far is not quite clear. 


Table 1. 

Lumineacence spectrum of Naphthalene. 


• 

Under X-ray oxoitation. 


Under cathudt' ray exeitution 

At 3()0nC. 

At OO^K. 

At 

Wavolt*ngth 

Ai» 

Wavelength 

WBKk 

Wavelongtli 

Ar 

in m/ll 

in 

in ni/i 


in in^i 

in fill. 

330-1) 

320 

327-5 

100 

630-0 

370 

333-5 

515 

329-0 

235 

550-0 

100 

339-3 

460 

332-1 

435 

553-6 

160 

344-7 

355 

337-0 

220 

558-0 

IW) 

349-0 

105 

330-6 

300 

564-0 

130 

351-5 

320 

343-0 

660 

568-5 

150 

365-4 

430 

349-7 

345 

673-5 

120 

360-9 

656 

354-0 

216 

577-0 

640 

369-6 


366-7 


600-0 


705 


220 


380 

379-5 

475 

359-6 

265 

613-0 

160 

386-5 

255 

363*0 


610-0 

100 

390-3 

240 


t 

623-6 

180 

394-0 

440 



630-5 

100 

401-0 

680 



634-0 


410-5( ?) 

1965 





446-5 

• 






Diphenyl : 

The measurements of the luminescence spectra of diphenyl under X-rays and 
cathode rays are given in Table II. Besides these, diphenyl emits a number of 
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Imuln in the viMihlo region wliich were nieaHured by Bone (1948) with a glass 
sjHH’trograph ; thene are efiinparatively weaker and have f>oon oraitteel in the present 
measurefiient. Under the ultraviolet excitation of diphenyl, only four bands are 
obtained: 430 , 4t>9, and 37tt in^. The luminescence sj>ectrum under X-rays 
and cathode rays in identical excojit that in the case of cathode ray excitation some 
of the weaker struciurcH are lost duo to overlapping because of greater slit widths 
'fhe lowering of t(fni|H.*raturc has no marked effect on the positions of the band 
maxima, though greater at curaey in the measurement of the band positions can be 
attained due to thti iiuTeased intensity and sluirjine.s8 of the bands at liquid oxygen 
tem|>eratun*. Ah the Harne sample.^ have been used in different cases, it is to be 
Hunnised that additional lunisshm Ijiinds of diphenyl under X-rays or cathode rays 
an» due to some < hang<*s intro<luc(‘d in the erystal by this method of excitation. 

Tabi.k 1 1. 


IjHnnitiesvmre /ij>€ctrum of Diphenyl. 



1 fuit r X ray 


Undnr cathode ray excitation. 

At :tOti‘K. j 

‘\t 90‘K. 

At 90°K. 


A*' * 

Wavah iijijth 

Av 

Wavolcngtli 

1 

Atf 

ill rn^i 

in ( 111 . 1 

' 1 

in 

1 

m c*in. ^ 

1 

in mp 

in cm.-t 


LMO 


240 

353 

320 

mhi) 

:{oo 

3ol-0 

150 

357 

390 


120 

355-0 

lOo 

302 

740 

aeo-(>* 

070 

357-9 

200 

372 

140 


230 

300-5 

250 

374 

970 

370-8 

430 

303-8 

420 

388 

330 

380-1 

770 

;ioo-4 

120 

393 

1050 

391-5^ 

180 

371-0 

210 

410 

1240 

408-S 


374-0 


432 

• 


1301 


490 


1460 

431 -8 

i:i3o 

381-0 

360 

461-5 


4ri8-i) 

1 

7:lo 

393-0 

870 



474-0 

j 

407-0 

390 





414-4 

970 





431-8 

i 

13^0 



1 


458-3 

! 


1 



Phenanthrene : 

The luminescence spectra of phenanthrene are given in Table III. According 
to Pringsheim (1043), the blue emission of phenanthrene is due to the traces of 
anthracene contained in it. On comparison with the luminescence spectrum of 
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Tabu III, 

Lumine»e»n4:e Bpeetrum of Phenanthreno. 


Under X«ray excitation 
»t 300rK. 

Under cathode ray excitation 
at OO'^K, 

Wavelength 

Ai» in cm.-i 

Wavelength 

Ar in cm,* ^ 

in m^Di 


in iTifA 


385-0 


3860 



330 


330 

390-0 


390-0 



1190 


580 

409-0 


399-0 



1270 


430 

431-5 


406-0 



1390 


530 

♦59-0 


415-0 



1470 


900 

492-0 


431-0 





300 

1 


456-5 
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{ture anthracene (Table V) it is Burmiaedl that the bands 492, 459, 431 are possibly 
du<‘ to anthru<-ene of 'aliich the band 469 may be due to the overlapping of the 
bunds 44rt ur»d 469 of pure anthracene. At low temperature, under cathode ray 
excitation the hands due to phenanthrene are resolved into further components. 

Phenanthrene emits the same spectrum under X-rays, cathode rays or ultra- 
violet excitation. This shows that pnenantlireiie molecules are rather stable under 
X -rays or catlunle rays. The presence of anthracene as impurity does not seem to 
interfere with the emission of phenanthrene and tu'o systems emit quite in- 
deptmdently. 

Phenantlirene shows a long pt'riwl afterglow ; the decay of afterglow has been 
measuriKi for catlunle ray excitation at lic|uid oxygen temperature. The Intensity- 
time plots are shown in Figs. 2, :t. It is found that the semilog plot is nearly but 
not exactly a straight line. This non-ex|>onential form of the decay can be duo to 
the presence of two dilfererd emitting systems, anthracene and phenanthrene. 



Kia. 2. Tho aftor-glow of Tpi- 

phenylinothano (cent inuouo) 
and riu'iumthn'Ro (dotted) 
with cathode rays uxeita- 
tiun at liquid oxygen 
temperature. 



Fio. 3. After-glow curves of Triphonyi- 
methone and Phenanthrene 
(dott<<d) plotted on somilog graph 
{taper. 


The ^low curve of phenanthrene has also been measured; the glow curve 
(hig. 4) eonsists ot more than one shallow and extended peaks overlapping with 
each other, so that the traj) depths could not be calculated. The presence of a 
w'eak peak ttbserved in the case of anthracene is also suspected in the glow' curve. 

Triphenylmethane : 

A continuous absm-ption spectrum ranging from tW *>30 m/t is reported for 
triphenylmethane (Seshan, 1936). When excited by ultraviolet rays an almost 
continuous emission (600-406 approx.) is obtained; w'eak maxima* which nearly 
agree with tho band maxima of the X-ray luminesoenoe spectrum in this region 
(471, 464, 447, 427 mp) can be suspected. The luminescence spectra of triphenyl- 
methano under X-ray and cathode ray excitation is givmi in Table I\^ Tr 
cases, the emission cemsists of a number of discrete bands extending throu^oat 
the whole of the visible region. At liquid oxygen temperature, the bands are very 
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Ph<'nftn(lir(‘ni’ Kt.i)rtin>f at 
liquid oxygen tempornUir*' 
witli eiithixlo niya <‘XciUiti<>n. 


Tabt.k I\'. 


Luminetx'f >!<'<' itpeetr)itii nj Tri/ihr.nphnellmnf. 


rii(li»r X ray oxcitulion 

Undfi* fiiihodt' 

ni\ t‘Xriliiti()ii 

at aoo^'K. 

at 0 o^»K. 

VV'aveU'ngth 

in — ^ 

Wavelength 

Af in cin.-t 

in JUfA 

ill in^ 

426-6 

1050 

427*0 

1200 

446*5 1 

870 

45 tJ *0 

43 <» 

404*6 


459*0 

2460 



a617*0 

750 



538*0 

410 



650*0 

260 



1 558*0 

100 


1 

564*0 

400 



577*0 

480 



59 t )*0 

1100 



631*0 



sharp and split into several components. X-ray luminescence spectrum taken 
at room temv.<rature, thus consists of diffuse bands which do not t^ree well with 
those obtain .<id under cathode rays at liquid oxygen temiterature. 

IMpb jnylmethane has a perceptible afterglow under X-rays even at room 
temp^i .uure. At liquid oxygen temperature, under cathode rays, the aftei^^ow 
ir'.4rease8 greatly in intensity and persistence. The long period decay curve is 
shown in Figs. 2, 3. Hie semilog plot is a straight line; thus the decay is 

3 
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csiKMiential. No perceptible difference in the decay carve is obtained for different 
spectral region. 

The glow curve of triphenylmethane under cathode ray excitation has been 
measured and is shown in Fig. 5; the glow peak with glow temperature at 216®K. 
is pHjminent while another peak at about 149®K. is also suspected. Tri- 
phenylmetbanc thus has got at least two meta-stable states. 


? I 



Kio 5. rt'c<»rcl of 

Triph* iiylin*'tlian»* Htarting at 
lH|uifl oxy><on tt'nip'raturo 
with vat hot lo rayn t'xcitiition. 


^ I tUhmvpv *' : 

fn anthra(*om*, pnix\ and uith flifforent percontages 

of naphtluKH'iio* have Ix c n worked with. Thr moaHuroinontfl are given in Table V, 

The luiuirioHcrnoe spectnun in all easea is the same under X-raya, cathode rays 
ami u.v. excitation. Iti nnthracene contaiiung n*2% of iiaphthacciie, bauds due 
to anthrac4*ne are vv.ty weak ami can bo obtained only after long exposure. When 
UHphthac(*m' concentration is reduced the emissions due to anthracene 

and !iaj)hthac(uie are of ecpial intensity. Shifts in the band positions in diflerent 
cases, of course, take place, and at liquid oxygen temptjrature under cathode rays 
the emission bands are considerably shariKuied and number of bands is increased. 

The nu cluvuism for the transfer of energy from antliraeene to naphtliacene 
molecules has been a matter of controversy (Bowen, E. J., and others, 1938, 1944, 
nU7, 1949 and (hinguly, 8. (I, 1944 and 1945). Bowen made elaborate measure- 
ments on the liiininesceiice of anthraceue-naphthaceiie system and has come to the 
conclusion that some ty})e of resonance or excitou transfer of electronic energy takes 
place in this system. 

Under X-rays at room temperature the emission speotrum of pure anthracene 
mmsists of 492, 409, 440, 431 ; of these, 440 m/x is very strong and 431 does not seem 
to be a single band. For anthracene containing naphthaceue this band system is 
gn^atly rtHiueed in intensity, but the mi^t intense band 446 m/i is affected to a greater 
extent than any other. According to (languid* thii absorption spectra of the 
crystal (containing naphthaccne) shows a continuous l)hht?^8horter than 405 m§i, 
due to anthraoene, and absorption bands at 435, 460 anc^ -igl Wfi which are 
associated wth naphthaccne. The relatively greater quenching W* the shorter 
wavelength emission bands of anthracene cannot be explained by tW process of 
self absorption unless stronger absorption bands in the correspondingii^ons are 
assumed (or continuous absorption). 

A very small quantity of purified anthraoene could be procured, and 
luminescence spectrum of pure anthracene under cathode rays w^as not taken 

3B 
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(a) 



Fliii)n'scrnc<‘ s|>(*rt' ,.j snnw (tr^nnir HuhsttiiH-fs, (n) Anthmrfno pun* ijn<I«*r X-niys; (h) Auf liruffra* cnn- 

tainiriLT (racf's.of Auplit liacf-nn urn]<^r X-rays, (r ) Ant lira«M*in» (Mrirk) foiitajuifijr i;n*at<>r (;f Naptil ha- 

ijinh*r X ays, (</) Tnpli< My][iicf liaiu* tifid'T X-ravH, (r) Xajilil hal'Tir* luwh’r X rays at, iKpnd «)\y|,((‘U 
t**!ap«MHtur*‘, f) Dii)iianyl ijii(l**r cath* ra\ s at InpiaJ i>xyjr<‘ri t»*iiip<'ratuf’<\ (v) I’hraiauthi’fnn iiiulcr ^-attaaln 
/ray*, at — (A) Xaphthahaia undr-r fatlaalw rays, (/) Trijrlionylnjattjann tiiairT cutliodr rays at h(|iji(l 

* <txytr< K'Tnp«‘ratiirr*. 

,^a) uial (f) luivo trarai f)liot()j'ra[>)a'(l with glasH H[a‘rtr<»grtiph wiulrj (a) to (f/) with a (jimrlz Hptwtrtigraph. 
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discharge tube the sample is lost by evaporation). At liquid oxygen temperature, 
as is ol^rved in the luminesoonce spectra under cathode rays, the emission due to 
anthracene in anthraoene-naphthacene system gains in relative intensity. This 
seems to indicate that energy transfer is dependent on temperature. 

Tabusi V. 

(1) Pure anihraeem under X-raye a$ SOO^K. 


Wavelengtli 
in A.U. 

Wave numbers 
cm.-i 

mm 

Remarks. 

4310 

23200 

780 

The measurement 0 published earlier (Bose, 
1947) were made on anthracene contain* 

4460 

22420 

1120 

ing 0*2% of naphthacene; as a matter 
of fact, the pure anthracene bands are 

4695 

4925(?) 

21300 

20310 

990 

not at all present there. 


(2) Anthracene ufith about *006% of naphthaeene. 


Under X-rays at 
3(M)°K. in A.U. 

Under oatliodo rays 
at OO^K. in A.U. 

Remarks. 

6520 

? 

Both anthracenti and naphthac'ene bands 

5760 

? 

are present in almost (U}ual intensity. 

5365 


At low temperature the relative inten- 

.5010 


sitios of anthrat eno bands are increased. 

4730 



V 

4810 


y 

4710 



4460 



4250 



4210 



(3) Anthracene with 0'2% of naphlhacene. 


Under X-rays at 
300®K. in A.U. 

Under cathode rays 
at 90»K. in A.U. 

Remarks. 

6320 

? 

Anthracene bands are very poor m inten<* 

6765 

y 

sity; at low temperature the relative 

6360 

5370 

intensity of the anthracene emission is 

5066 

5010 

increas^. 

4725 

4710 


4485 

4270 

4£^ 

•«36 



4230 


s« 

> 

4135 



At li^id oxygen temperature anthracene containing naphthocene shows 
afterg^qV; The decay of afterglow has been measured with a cathode oscillograph. 
Th^^c&y measurements were carried out separately fw anthracene and naphthacene 
^Sl^ssions isolated by suitable Biters. It has been observed that the decay curves 
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are practically identical. In the glow curve for anthracene-naphthacene syatem, 
a very weak peak is observed. 
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Abstract. 

'Hio lumLn^wrono^j HpecCm of Nupl\thulono, Diplienyl, Phenanthreno, Triphenyl met bane, 
Anthra^imt^ etc., exriUil by X-raya and rays at room tomin^raturp as well as at liquid 

oxygen tomporature aio rej)Orled in this jmjHir. Most of flu's** phosphors show a long ptniod 
afterglow. The deray of the long period afterglow of some* of tht'se phospliors under cathode 
rays has bc'en measured at liquid oxygen teiiijK*ratun> ; thcj glow c urves for some of these samples 
have also boon r<'Coi*d<Hl. 
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SOMK ASPECTS IN THE EMBRYOLOGY OF ZYGOGYNUM BAILLONI V. 

TIEGH. 


By B. G. L. SwAMY, Research Fellow, NJ.S.l., Botany Laboratory, 

Madras Vnit'ersUy, Matims. 

(C-orntnunicaied by Prof. P. Maheahwari, F.N.I.) 

{Received December 2S, 1951; read March 7, 1952.) 

The family Winteraceae occupica a rather aignlhoant poaition — eapooially on 
account of its vesselless xylem and the remarkably complete series of stages that its 
members present in the phylogenetic closure of the unsealed conduplioate carpel — 
in studies concerning the phylogeny of angiosperms. The recent investigations of 
Prof. 1. W. Bailey and Iiis asHoeiates (8<!o Bailey and Nast, 1046, for a summary and 
literature) have greatly enlightened our knowledge m regard to the anatomy and 
morphology of the vegetative structures of the family. However, very little is 
known as to the internal development and organisation of the reproductive 
structures. The casual observations of Willie (1886) on the pollen of Drimys 
Winteri, of Strasburger (1906) on the development of the ovule, and of Bhagavathi 
Kutti Amma (1988) on the microsporogenesis of the same species are the only 
contributions toward the embryology of the family. 

The genus Zygogynmn with its six recognised species is endemic in New 
Caledonia. In 1948, the late Prof. J. T. Buchholz visited this island on a plant 
collection trip and brought back with liim a small quantity of flowers and maturing 
fruits fixed in FAA. This material M'as forwarded to Prof. I. W. Bailey of Harvard 
University and has formed the basis for present study. 

Obskbvations. 

Microsporogenesis . — The wall of the youngest anthers available to me shows 
an epidermis, several cells of which are filled with brownish phenolic compounds, 
throe subepidermal layers of parenchymatous cells, and an innermost layer of 
larger tapetal colls containing minutely vacuolate, granular-appearing, dense 
cytoplasm with a centrally situated nucleus. The interior of the loculus is occupied 
by a rather massive aggregation of microspore mother cells (Fig. 1). In the course 
of maturation, the epidermis as well as the wall layer lying immediately outside the 
tapetum become almost disintegrated, whereas the two layers of cells in between 
these enlarge, essentially in a radial direction, and develop the characteristically 
banded thickenings of the endothecium (Figs. 3, 4). In still older stages the wave 
of differentiation of the endothccial thickenings spreads to two to four more layers 
of cells towards the interior of the anther (Fig. 6). 

At the time of quadruplici>tion of the microspores, the tapetum embarks on 
its active phase. The peBs duiend, the vacuoles become larger, the texture of the 
cytoplasm coarser, the nuclei divide into two (Fig. 2). When the microspores 
complete the ..alSting off of the generative and vegetative cells, the once divided 
tapetal nu',iei exhibit stages in reunion (Fig. .3). The maximum activity of the 
nutritive/ layer appears to diminish gradually after complete fusion of the nuclei; 
the ceiV^ wall together with the cytoplasm becomes very coarsely granular, the 
pneiei degenerate, and at the time of differentiation of the spore walls, the entire 
tapetum disintegrates in sUu (Fig. 4). 
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The niicronpore mother cell rouiidH off by losing its polygonal contour and 
considerably enlarges l>efore commencing the reduction divisions (Fig, tt). Organi- 
sation of a rnetaphasc; spindle (Fig. 7) is accomplished with the usual succession of 
changes accompanying normal meiosis, and while the daughter chromosomal groups 




>«?• 


Kins. l-r». rig. 1. Transootion of a 3 roung anther hx^ulus showing epidermis, throe nuddle 
layers, ta^ietum, and imerospore mother cells, x200. Fig. 2. Same, at a later 
stage, showing nuclear division in the tapetal cells, x2()0. Fig. 3. Still older 
Htagt\ showing the fusion of the nuclei in the tapetal cells, and the beginnings 
of endothtHitial thickenings in the two SuSepidermnl layers, x200 Fig. 4. 
Snme, at maturity, showing the disorganisation in ^<>t)etum in jniu^ and a well 
developed twi*- layered endotheciiim, x 200. Fig. 5. Transection of an anther 
at anthesis, showing the extent of endothiM:;iHl tissue (somi-dia^sounatic), x 60. 


are passing through the later stages of anaphase, the cytoplasm sliows the 
b^iiuiings of an equatorial constriction (Fig. 8). At the time of preparation of 
the daughter nuclei (Fijg. 9) for the ensuing division II (Fig. 10), the constriction 
advances centripetally in the form of a furrow and at times an incipient cell plate 









Fio 8. 6-15. Stsgos in development of pollen grain. Fig. 6. Microapoi^ mother ^11 
])£>tapha8e of division I. Fig. 8. Late anaphase of division I. ^*8* 
telophMe I, note commencement of transverse furrow. Fig. 10. M^MSse 
of division n. Fig. 11. Tetrad of microspores. Fig. 12. Diviwon w micro- 
spore. Fig. 18. Formation of generative and vegetative cells. Fig, 1^ 
Tetrad of microspores at the time of shedding. Fig, 15. Germinating tetrad 
teased out from stigmatio surfhoe. All figures^ x900 


44J2 


B. O, 1. SWAMY: SOME ASPECTS IN THE EMBRYOLOOT 


may alao Ixj deposited purtiuHy (Fig. U)). However, total quadripartitioning la 
ticliieved more or leas aimultaneouHly only after the completion of division II (Fig. 
II). In the greateat majority of cases the microspores are arranged tetrahedrally, 
n tetragonal configuration being exceptional (Fig. 10). 

The uninucleate microsiiore, soon after its formation, exhibits a few large 
vacuoles in the cytoplasm (Fig. 11). The nucleus moves towards the proximal 
|K)le (in relation to the tetra<l) and divides (Fig. 12). The orientation of the spindle 
is consistently such that the generative cell is alwa3’K cut off tow'ards the inner, 
proximal .side (Fig. 111). 'Phe larger vegetative cell with its nucleus of similar 
magnitude continues to 8h«>vv the presein e of a few large vacuoles, w'hile in contrast 
the smaller generativ'i* cell has a non-vaeu<)late, dense, (h'eply staining cytoplasm 
and a nucleus of similar ditnen.sion and staining reactions. At a little later stage 
the generative coll comes to lie within the cytoplasm of the vegetative cell by which 
time the cytoplasm of the latter has In-coine non- vacuolate and homogeneous, 
and that of the generative c<‘ll, on the other hand, hyaline (P^ig. 14). The position, 
occupied bj' the generative cell is now variable even among the different pollen 



KitJS. 10 is, Fiji. 10, T„ongin€'otion <>f <*vulc at th«> time of fortilLsntiun, x 120. Fig. 17. 

Micropylar jiart of aamn, about the 4-collcd stage of endosperm, x80. 
Fig. 18. Same, at a slight ly later stage, xOO. 


grains of the same tetrad. The generative nucleus continues to exhibit a greater 
avidity for stains while the vegetative nucleus behaves in the reverse diction. 
The miorospores of a tetrad do not separate from one another and germinate as 
such (Fig. 15) on the stigma. 

Tile propt'rty of the microspores to adliere in tetrads affords special facility 
to determine the exact place of origin and diffemntiation of the germinal area. 
Soon after the completion of division IT, the spore* ^atts begin to organise. Until 
the stage shown in Fig. 10, the wall of the mother cell appears as a uniformly thick 
and highly translucent envelope surrounding the protoplast. Simultaneously 
with quadruplication through f(UTo>ving there is a rapid thinning out of the wall at 
the central region on the distal face of the microspore. This results in the form- 
ation of a shallow pit, w'hich, as seen in a section, appears as a discontinuous region 
of the spore wall (Fig. 11). This break in the wall later functions as the germ pore 
(Figs. 12-16). Accompanying these modifications of the external siuface of the 
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sporo, there is also accomplished a differentiation (»f the exine and intine. A major 
bulk of the thick spore wall towards the exterior appears to become traversed by 
numerous, highly tenuous capillaries so as to present a radially striated pattern 
as seen in sections. This part of the urall functions as the exine, an<l duo to 



Fios. 19-24. Longisections of ovules (int<mment« not shown) illustrating the early stages m 
the development of enm>sperm. Fig. 19. Kmbryo sao at the timo of 
fertilisation, x220. Fig. 20. Same, after first division of the primary 
endosperm nucleus, x220. Fig. 21. Same, at about the O-oelU'd stage t)f 
endosperm, x220. Figs. 22-24. Later stages, x 120, 


this structrual detail, presents the characteristic minutely granular-reticulate 
sculpturing in the mature pollen grain (Fig. 16). In the initial stages the intine 
becomes discernible as a thin membrane immediately underlying the germ pore, 
and gradually extends all over the distal cohere of the cell. However, it presents 
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miiximam thioknem at the region of the germ pore an<l steadily thins out towards 
the Hides. A differentiation pari poMm results in the slight protrusion of the intine 
through the germ pore (Pig. 14) long before the dehiscence of the anther. 

The germination of the pollen grain takes place in nature only after its trans* 
ference i>n to stigma. The intine pushes itself out through the germ pore to form 
tlie pollen tube. The emergence and early growth of pollen tubes from a tetrad 
are Hynchronous (Fig. 15). 

Oinilfi.. — ^At anthesis, the ovule shows a completely cwganised, fertilisable 
embryo sac, the micropylar region of which is over-topped with four or five layers 
of parietal tisHiie. The outer integument at this stage is made up of three layers 
of colls towards the micropylar half and irregularly of four layers towards the base. 
'Ilio cells of the outer two layers show conspicuous brownish infiltration indicated 
by stippling in Fig. 14). Tlie inner integument is two layered towards the micropyle 
and gradually becomes three layered towards the chalaza. Also, both the cell 
layers in the micropylar part of this integument are conspicuously distended. 
Af^ter fertilisation, brownish contents rapidly appear not only in almost all cells of 
the ouUtr integument, but also in the outer cell layer of the inner integument (Fig 
17). In still later stages, when the embryo sac cavity becomes obliterated due to 
the tilling in of large endosperm cells, the cells of the outer layer of the inner inte- 
gument in the micropylar region become excessively elongate in a radial direction, 
w'hereas thostt of the iimer layer <livide to give rise to two or three more layers 
(Fig. 18). 

Endonperm . — ^The mature embryo sac is normal both in its contained number 
of nuclei and in their disposition. The polar nuclei fuse before fertilization. The 
aniipodals organise into cells (Fig. 19). Both the svnergids appear to undergo 
flegeneration soon after fertilisation. The primary endosperm nucleus may be 
assumed to migrate slightly towards the chalazal end as can be judged by the 
disposition of the wall (msuing the first division (Fig. 20). As a result, the embryo 
sac cavity bec<>rae8 halv'ed into a larger micropylar chamber and a smaller chalazal 
ehAml)er. Tin- latter invariably show's a denser and darkly staining accumulation 
of cytoplasm and this feature .seems to be carried through considerably to its 
derivatives, perhaps even up to slightly later stages than is represented in Fig. 24, 
as may be evidenced by a clear gradient in the intensity of staining of the endosperm 
tissue from the chalazal pole tow'ards the embryo (Figs. 21-24). There is also a 
grade<l differenoe in the nuclear size of the respective cells (Figs. 23, 24), although 
this feature may not Ih< manifest at the two-eelled stage of the endosperm (Fig. 20). 
Subsequent divisions of both the larger micropylar and the smaller chalazal 
chamliors obviously proceed at the same rate, so that cells of corresponding sizes 
are derived. However, the sizes soon intergrade in the border zone. The 
oldest stage of endosperm that was observed is illustrated in Fig. 24, and until 
this time the zygote has not divide<l. 


Discussion. 

Neither detailed comparison nor comprehensive discussion is possible at present 
with regard to the embryological characters of Zygogynvm. Of the six known 
genera, — Drimyn, Bnbhta, Belliolvm, Ermpermvm, Pemdowintera, and Zygogynum 
— of the Winteraceae.i only Drimytt has been studied from the point of view of 
embryology; the information available is, however, too me.agre to allow dependable 
conclusions. 

The casual remarks of Willie (1886) on the properties of the spore walls of 
Drimys pollen grain, taken by itself, are of very little significance for the present 


1 Soe Smith, A. C.. in Jour. Arnold Arb. 24; l-SS, 119-164. 1943. 
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purpose. The observations of Bhsgavathi Kuiti Amma (1938), although accom- 
panied by a series of illustrations, fail to provide an accurate picture of the sequence 
of events, and several points therein are badly in need of critical roinvestigation. 
It is not clear from her accoimt whether it is the tapotal crll/t or niicM that undergo 
division; nor has it been ascertained whether the once rlivided nuclei reunite. 
Furthermore, she writes that, 'In 'the metaphase stage of the pollen mother cell, 
the tapetal cells lose their walls completely and persist as a mass of cytoplasm with 
one or two nuclei in each. They encroach in between the pollen mother cells. . . . 
When tetrads are formed, the tapetal cytoplasts completely fuse together and 
become the periplasm. Tlie nuclei become amoeboid ami lie free in the iwiplasm 
The sequence of events obviously is indicative of the organisation of tapetal pori- 
plasmodium. If this observation is correct, Zygogynvm deviates from J)rmyn in 
exhibiting a typically secretory type of tapetum. 

Although Bhagavathi Kutti Amma does not describe the details involved 
during the first division of the microspore in the text, she has provided illustrations 
(pee her figure 19, PI. Ill, figures Id, 11 , PI. IV) which clearly demonstrate that the 
generative cell is cut off towards the proximal polo of the pollen grain and that the 
germ pore is organised on the distal face. Both these foatun*H are also shared by 
Zygogyntm, *610 constancy in the locus of the generative coll (towards the 
proximal pole) in the Winteraceat^ provides a good point of c(mtrast with that 
(towards the distal pole) in the Magnoliaceae Atricto'^ (unpublished observations 
of the author on species of Michfiia, of Magnolia, of 7'anhma, and lAriodvndrm) 
and its close relative, the Degeneriaceae (Swamy, 1949). 

Strasburger (1906) reports a nuclear type of endosperm development in iJrirnys 
Wint^ri. If this is correct, both nuclear and cellular {Zygogyinim) i.ypes occur 
mthin the family. 

The conspicuous radial elongation of the outer layer of cells of the inner 
integument in the region of the micropylc during post-fertilisation development of 
Zygogynum appears to be a constant feature also in Drimyi* and Bnbhia (unpid>lished 
observations of the author). Such a differentiation is abstuit in the corresponding 
tissue of the Magnoliaceoe. A much more significant point of difference lies in the 
structure of the seed coat. As could be ascertained from herbarium specimens of 
Zygogynum and Bubbia, and also from the generality of observations of Miers (1868) 
on Drimya, the seed structure of the wintcract^ous genera appt^rs to be rather uniform. 
The cells of the outermost layer of the outer integument develop dark sederotic walls 
and alone persist in the mature seed os a black, shbiy crest; all other cell layers of 
the outer and inner integuments become crushed. In marked contrast, in the seeds 
of the Magnoliaceoe and Degeneriaceae, the outer integument becomes characteris- 
tically differentiated into outer fleshy and inner stony regions, the former becoming 
pulpy and juicy at maturity. 

In the prevailing well-known systems of angiosperm classification it has been 
the custom to assign Drimya and its presumed allies to the Magnoliaceoe either as 
members of a special tribe or a subfamily, implying a rather close natural relation- 
ship. The recent investigations of Prof. I. W. Bailey and his collaborators have 
clearly demonstrated — at least as far as the vegetative characters are concerned — 
that the trends of phylogenetic specialisation have progressed along rlivergent lines 
among the different units of the Magnoliaceoe, and that ‘to include such morpho- 
logically dissimilar elements as the Winteroceae, lUicivm, the Schisandraccm, and 
Tetraeentron in the Magnoliaceoe broadens the concept of this family oven beyond 
the limits of a natural suborder '. With particular reference to the Winteroceae, 
Bailey and Nast (1946) conclude that although the genera of the family are of 
general ranalian affinities, ‘they do not appear to be closely related to any specific 
surviving family of the ranalian complex’ (see also Bailey and Smith, 1942). The 


1 See Dandy, J. B., in Kew Bull. 1927. pp. 267-264, 
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wilieut fioilita of oontraat in the embryological characters of the Winteraceae 
on the one haiul aurl those? of the Magnoliaceae and Degeneriaceae on the other, 
as pre>«.*nt<*fl above, appt^ar to indicate two very remotely related trends of 
evolutionary rntMlitieutiouH, thereby justifying the dissociation of the Winteraceae 
iVrnn the inagiioliaceous alliance. 

Summary. 

|)rero<jir:>u» up|KHinm*^o of oytopJaHmir elravagt? towards the end of the first reductioti 
clivinton in t]i»» mother <-<‘11, sn<l t)i4i differentiation of caidodermal thickenings in 

ro<*io than layer of eolJa of the iinfhor w»ill arc* p<»intR of intcrenst in Zygogynutn JBatUoni, 

Th4» ta|K;tuin is of tho MM<r<*torj' ty|K4, th«^ c'ellM bcM^oming biniioleate and finally again 
tininiirU uto duo to fiiston. 

Tla? gonorakivo is < nt off tuwanlH the proxinml }>ole and tlK:> germ pore differentiates 
<>n the diMtul fiti o f)f tbo grain. 

The ovulo IN bitogttrru ntary and <Tiis«inueollat44. The muturo embryo sac is eight nucleate 
with typh al organitaition. lliO endosjK^nm is ah iniiio cellular. Tiie seed coat consists of the 
moditb'fi oiitermoKi cell layer of the outer integument. The outermost cell layer of the inner 
integument in tt)e n<ugbl>our]ioorl of the mieropyle undergoca pronounced r^ial elongation 
diiniig <Mirly {Mint h^ritliH^it i<in development. 

The «uiibr>’olMgi« al ehameters of the Winteracscac, on the hand, and of the Magnoliaceae 
and I><}gen('riHi‘iuvc, on the other, a[>peHr to indicate two very rtmotcly related trends of evolu* 
tionary niodiileat ims, thiTe)>y justifying the disHOciafion of the Winterai^ae from the 
rnagnolutc4M)us alliance. 
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iNTBODUCnON. 

In his ‘ Zoogeography of the land and inland waters’, do Beaufort (1 {).')], p. 8K) 
makes the following statement about the interrelationships and geographical 
affinities of the Gastrorayzoninao of Borneo : 

‘ In mountain torrents of northern Borneo certain curious fishes are found 
belonging to the Homalopteridae. Among fishes in this group they have gone 
farthest in the way of adaptation to life in fast-running water, as the whole 
flat underside, surrounded by the much expanded pectoral and pelvic fins, 
forms a large sucker by which the fish can adhere to stones or rocks. Two 
genera, Qastromyzon and R eogastromyzon , are known from Borneo, but closely 
allied forms are found in the mountain streams of southern China. They are 
unknown from Java, Sumatra, Malaya, or Siam; and the most proWble 
explanation of their occurrence in Borneo is that they came by a direct route 
from China. This involves a connection between Borneo and China of some 
altitude, for it is not probable that these fishes could di 8 ])er 80 through lowland 
rivers. Nor is it probable that they used the Pleistocene land bridge through 
■the Philippines and Formosa, for in that case we should expect to hnd Castro- 
myzoninae in the mountains of these islands. As the two Bornean genera 
are endemic, it is also improbable that they reached Borneo ho late. They 
seem to belong to an older invasion, and their occurrence in the upper course 
of the Mahakam is in favour of this view’. 

In 1932, I proposed a classification of the Homalopteridae and suggcHted their 
polyphyletic origin. The two subfamilies into which they were grouped wert) 
divided into genera and it was shown that the luiion of pelvic fins to form a sucker 
had occurred independently in the two subfamilies, Sivogaatrom-yzon of the Homalo- 
pterinae and Gastromyzon, Neogastromyzon and Beaufortia of the Gastromyzoninoe. 
Since then, Metahomaloptera among the Homalopterinae has also been described 
with the i|ame character. Though the adaptive nature of this character cannot 
be denied, no genetic significance can be attached to it, similarly as reduction of 
gill-openings has taken place in several diverse groups of fishes in which the ventral 
surface is closely appli^ to a hard substratum. In this paper, it will l)e shown 
that the Gastromyzonid fishes of Borneo had an independent, though parallel. 


VOL. xvm— No. 6 . 



408 StTNUKR i.Ali iluilA; fAKAJULEl^ KV0L.VT10N OIT THK OASTBOMYKONli> F1SB1C8 


evolution from a generalized Cobitid atock and are in no way genetically related to 
the Himilar forma foun<l in Chuia. From a considmwbly wider distribotiim of tbe 
Homalopteridiw; and a aomewhat reatricted distribution of the Gaataromyzonidae, it 
is abutulautty clear that the former is much older than the latter, so the Gastromy- 
zonidae could not l>e older than the late Pliocene when no direct connection exist^ 
betwwn China and Borneo {vide de Beaufort, 1960, fig. 7, p. 86). We shall now 
examine the queHtioii in greater detail. 

In a recent paper, I (1960, p. 46) referred to the polyphyletic origin of the 
family HomaUipteridae and suggested its division into two families, Homalopteridae 
derive<l from the Cyprinidiu; and Gastromyzonidae derived from the Cobitidae. 
Fang (103.'>, p. 44) luul alrea<ly recognised two distinct groups of fishes among the 
Givstrumyzonidae which ho rlistinguished by the following characters : 

‘ (/i-oHsnstomoi<l iish(?8 are small forms inhabiting the mountain torrents. 
Th(<y ore well separatc<l from the gastromyzonian fishes in having the gill 
openings t>xt<-nding to the ventral side of body and the pectoral fins set 
immediately behind them.’ 

Fang publishefl a review of the Crossostomoid fishes of China which ^e derived 
from a ‘Ntmiaehiloid ancestral stocks’. Further, he regarded them as having 
been evolved inde{K>ndcntl.v along three lines, namely, (i) ..‘Innamta Hora; (ii) 
lAnifHtrftoinaliiphra Fang aixl 1‘arhtnnalnpte.ra Vaillant, an<l (iii) Vanmanenia Hora, 
l’rrtffornii>.sinn<i Fang, Foimonania Oshima and ('rossoatoma 8auvage. Though 
one may n*»t agree with Fang’s views of the intcr-relationsliips of the various 
Crossostomoid genera, it is ••ertainly true that they form a heterogenous assemblage 
of indcjMMidcmtly evolv*-d forms under the stress and strain of the v’ory exacting 
environnu'iiial factors so characteristic of the torrential streams of south-east 
Asia. 

Further support is b-nt to this view' by the fact that the typical Gastromyzonid 
fishes, (‘haraeterized by .small gill-o|K>nings restricted to the dorsal and lateral sides 
and not (;.\tending to the ventral surface, also show' several independent lines of 
evolution. The most .striking fact is perhaps a uniformity of structure among 
the genera known from the mainland of Asia and their fliv'ergence collectively from 
the genera know n fn»m Borneo. In this article an attempt is made to define these 
two divergent groups of Gastromyzonid fishes and to indicate their independent 
evolution. 


DlSTRiniTTION ANI> CHARACTERIZATION OK THE GASTROMYZONII) GENEBA. 

According to their distribution, the eight Gastromyzonid genera known so far 
van be arranged into two geographical units as given below ; 


Mainland of Asia. 


(1) Paraprotonnfzon Pell. A Fang 

(2) Paendoijaatro/ni/znn Nichols 

(3) liemfortia Hora 

(4) SeirfUta Hora . . 


. . Szechuan, China. 

. . Fukien, China. 

. . Hainan, Kwangsi & Szechuan, 
China. 

. . Cochin-China. 


lalnnd of Borneo. 


(1) Pro/owi// 2 on Hora 

(2) Neogaatromyzon Popta 

(3) Progaatromyum Hora A -layaram 

(4) Oaatromyzon Gdnther 


. . Mt. Kina Balu, Borneo. 

. . Howemg, Borneo. 

. . Mt. Kina Balu, Borneo. 

. . Torrential streams, B<»neo. 
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Tbxt*710. 1 . Map showing tlio distribution of the Gastromyzonid fishes. 

A. Sewellia Hora; B. FrogoMomyxon Hora and Jayaram; C. Parajyroiomyzon 
Pell, and Fang; D. PnAcmyxon Hora; B. Pseudogaatromyzon Nichols; 
F. Oaatromyzm Qiinther; G. Necgcutromyzwt Popta; H. Beaufartia Hora. 
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It may noted that no genua of the mainland ia found in BcNrneo and vice 
vermt. Jt may alao be noted that no Gastromyzonid hah has yet been recorded from 
•lava, Sumatra, Malay Peninsula, Siam, Burma and further west. Thus the 
(iaatromy/oiiid tiahea are restrict^ to comparatively narrow geographiedi zones 
within the two regions. 

Common ani> Contrasting Features of the Gastromyzonid Genera. 

('ommon feature . — It has been pointed out above tliat all the Ga8trom3rzonid 
fishes, as distinguiahed from the Croaaoetomold fishes, are characterized by the 




Tbxt*fi«. J. SivftfhoH of thn vmtral surfaces of iho head and body of the Gaatromyzonid 
nt*ra of tbo Mainland of Asia. 

(cj) Pa* tidognsirofnyzon Nichols; (b) Beattfortia Hora; (c) Parapmomyton 
Fell, and Fang; (d) tSeweUia Hora. 

preaence of restrieU'd gill-openinga. This character is shared by a number of 
diverse fishes that elost'ly apply their ventral surface to rocks for adhesion. In 
the hill-streams of South-east Asia, 1 have found similar modifications among the 
Glyptosternoid group of Sisorid fishes (Hora & Silas, 1961) and in Bhavania Hora 
(1941) and Metakomaloptera Chang (1944) among the Hbmalopteridoe. Thouj^ 
it is a useful taxonomic character, as explained already, it is a purely adaptive 
feature and, therefore, no phylogenetic significance can be attached to it. 
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Contrasting features . — ^In all the mainland genera, the pectoral (ins extend 
beyond the bases of the pelvic (ins so that the ventral surface enclosed between 
them can act as a sucker for adhering to rocks in swift currents. Another 




EXT'Fto. 3. Sketches of the ventral surfacc^s of the head and body of tlxroo Uasirtimy/iOnid 
genera of Borneo. 

(a) Progcuftromytofi Hora and Jayaram; (6) N eogoMromyzon Popta; (c) Gas- 
iromyzon Gttnther. 



Tbxt-fio. 4. Sketch of the ventral surface of the head and body of the Bornean Oas- 
tromyzonid fish Protomyzon Hora. 

characteristic feature of these genera is the small size of the mouth, which is less 
than one4hird of the width of the head. 
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In the Bornean genera, on the other hand, the pectorals are separated from the 
pel vies by a considerable distance, but in highly specialized forms, such as 
GaHtromyzim and S eugoMromyzon ^ lateral Haps of skin are develoi>ed to bridge over 
the space between the paired fins as to convert the v'entral surface into a suctorial 
disc. Thus we have a functional convergence achieved through divergent raodi- 
Hcations of structures. As regards the extent of the mouth, the four Bornean 
genera are divisible into two groups. In ProgaAromyzon^ Gmiromyzon and 
NfogriHtroinyzftn^ the mouth is Vi;ry extensive and is more than half of the width of 
tlie head, while in Protoinyzon the mouth is about one-third of the width of the 
heiul. In any case, it is still of a different type than that characteristic of the 
mainland forms. 


Relation. SHIPS of the Gastro.myzonid Genera. 

In dealing with the common and contrasting features of the mainland and 
Bornean geiu^ra, it has been shown that whatevc?r may have been their ancestral 
stocks, they have colle<‘tiv(iy shown independent liiu‘8 of evolution in regard to 



Txan-FiQ. 5. Diagrammatic ropr('8<>ntation of iho probable relationships of the mainland 
Qastromyzonid genera. 

the characters of the pairt'd Hus, skin Haps and form of mouth. It is interesting to 
recall here that from the study of scales, Law (1950, p. 82) found a closer afti^ty 
between Protom yzon and (raAtomyzon on the one hand and betw'een Paraprotomy- 
zon and Pseftrlogastromyzon on the other. The scales of Beaufortia were found to 
be quite different from cither. We may now^ examine the inter-relationships of 
the genera in eacli geographical group. 

Tlic four genera of the mainland do not show any direct linear relationships 
and perhaps many forms yet remain to be discovered before w^e can tell the complete 
story of their evolution, Sewellia Hora (1932, p. 316), both on account of its 
geographical isolation in Cochin-China, as w’ell as its peculiar respiratory mechanism 
and plate-like rostral barbels, seems to be quite distinct from the other three genera. 
Of the remaining three genera, Paraproiomyzon Pell. & Fang (1936) may possibly 
have separated off from the Sewellia stock at an early stage. Psetidogasiromyzon 

4B 
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genus Parhtmalopiera V aillant. In fact, Proiomyton can be regarded aa a Par* 
homalopUra w^ith the gill*opi*ningfi restricted to the sides and not extending to the 
ventral surface. We have an exact parallel to this in the two Homalopterid genera, 
Bhdvanm Hora and llomaloptera van iiaas. The former is a Homaloptera with the 
gill-o{M;iiingK restricU^d to the dorso lateral surfaces. The evolution of the Bornean 
Oastroniy/.onid tishos can be represented as sho^^ 7 l in text-fig. 7, 

It will be presumed from whut is stated above that the Gastromyzonid fishes 
luive not only evolve<l indejH'iuh'iitly from the Cobitid stocks on the mainland of 
Asia and tlui island of Borrujo, but in (?aeh geographical region they show poly- 
phyletism in their mode of f^voliition. Similar adaptive modifications have 
occurred again arul again among the fishers of the torrential streams of south-east 
Asia with the result tliai we hav(‘ at priseiit very complicated adjustments through 
(jonvergenees and divergerujes ()f characters. Only a careful taxonomic assessment 
of varimiH <?hara(*ters roubl re ve al the* true* systematic position of the various genera. 
From the rernarkeible* antie ipnted eliscoverh'S made since the publication of my 
monograph of the.* ' llomalopu ridae* in 1932, it seems probable that several new 
forms still re main to be* eliseovered and, when this is done, they will help us to 
bridge the preseuit-day gulfs in e>ur knowledge and to elucidate correctly the 
evolutionary trenels e>f these* r(‘inarkable fishes. 


SiMCF. AND Time in tuf Fyomitidn ok the Gasthomyzonii) Fishes. 

Stuelents ed distribution of fre»shwate‘r tishes of south-east Asia are no doubt 
aware' that the* mute* of dispersal of tlie .sj)eeiali/ed hill-stream forms from the 
mainluiul e>f Asia to the* islands of the liule>>Au.stralian Archipelago lay along the 
Malayan Are of memiitains. This is beautifully illustrated by the distribution of 
the tishe s of th<^ ge*nuH Howalopiem {sen.su lato). To Borneo, the path from the 
mainlanel lay across the* .Malay Peninsula, Sumatra and Java. Borneo, with the 
Malay Peninsula, east<*rn Sumatra, part of the north coast of Java and the sea 
basin ht*tvv(H*n tlie^m constituted the stable block known as Sundaland. Lowlands, 
howt'ver, prese nti'd a ba,rrie*r to the disj)ersal of mountain species, so mere land 
cHmiioetioiis could be of little* use in their distribution. Text-figure I will show that 
the mHiiiland Gastromyzonid Hslies are found to the east of the Malayan Arc move- 
ments and wi'n*, therefore, not alFecteMi by this route of migration in their dispersal. 
Tills ge e)graphieal faed supports the view, advaiwed above on morphological grounds, 
that the* Gastromyzonid tishes evolve'd inde^pemdently on the mainland of Asia and 
in Borneo, and have* had no g(*ographieal continuity with each other during their 
evolutionary history. It has to bo borne in mind that the Cobitidae, which formed 
the ancestral stock for tin* evoluti<Hi of the Gastromyzonid fishes of Borneo, must 
have migrated along the Malayan Arc to Borneo much earlier than the jieriod of 
evolution of the Gastroiny/onid fishes. 

As to tin* iH*ri«)<l tak(*n for the evolution of the Gastromyzonid fishes, we have a 
yardstick in the evolution of the Homalopteridac in Peninsular India. Tlie 
dispcTsal of the (^ohitidiu* took place when India and Ceylon, and India and north- 
east Africa liad more or less continuous hilly coimections. Between Ceylon and 
India such a (*onnection existed during the Pliocene (Jacob, 1949) and probably 
between India and Africa up to the Pleistocene (Menon, 1951). It can reasonably 
be presumed that Borneo also received its CJobitid fauna in the Pliocene or early 
Pleistoc^ene. The genus Homaloptera is found in the Western Ghats just below 
the Palghat Gap and two other genera evolved from it, Bkavania and Travancoria, 
are found further south, but no Homalopterid fish has yet been recorded from 
Ceylon. It is presumed that the Homalopterid genera characteristic of Southern 
India probably came into existence when tilting of the Peninsula elevated the zone 
of the Western Ghats during the Pleistocene. This tilting of the Peninsular block 
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rejuvenated the streams in the Western Ghats and produced torrential streams 
characteristic of the yoang&r mountains, lik? the Himalayas. 

As m the case of the Homalopteridoe, in the Q^istromyxonidae also the 
taxonomic differences involved are of generic value, but this must be considered 
against the factors which might have influenced the evolution of the Qastromy- 
zonidae in two distinct regions. In the author’s opinion, the tempestuous 
environment of torrential streams having been rei>oatedly disturbed and intestified 
by the Pleistocene orogenic movements in Soiith-t'ant Asia provided factors of 
suliioient importance for inducing rapid evolutionary divergences among hilbstream 
fishes. I am, therefore, led to conclude that the great majority of forms dealt with 
in this papiT are most probably not older than tlio early Pleistocene. 



Text-fig. 8 . Map showing the diniribution of the genim Hom^loptera {aenmi lato). 


SlTMMARY. 

Morphological, palaeogeographical and geological evidences all point to the conclusion that 
the Qa8tromyaK>nid fishes of Borneo evolved independently of those now found on tho mainland 
of Asia. Whereas there is a general plan of similarity of structures in the four genera of main- 
land, the four genera of Borneo show two independent lines of evolution even with regard to 
tho main characters. There is sufficient evidence to indicate that even the four genera of the 
mainland had diverged from one another at a very early stage of their evolutionary history. 
In studying the characters of these genera in relation to tlie needs of the environment, the 
conclusion cannot be resisted that the Gastromyzonidae form a convergent group of forms 
derived from divergent Cobitid species. Though the convergent characters are no doubt due 
to the similarity in environment, the generic and specific differences are the results of the initial 
structures possessed by each evolving species, 
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PARALLEL EVOLUTION IN THE OROSSOSTOMTO FISHES ON THE 
MAINLAND OF ASIA AND IN BORNEO. 

By Sunder Lai. Hoba, D.Sc., F.R.S.K., C.M.Z.S., M.I.Biol., F.A.S., 
F.Z.S.I., F.N.I., Director, Zoological Survey of India, 

Indian Museum, Calcutta. 

{Received 1 5th January, read March 7, 1952.) 

In dealing >dth the parallel evolution among the Gastromyzonid fishes on the 
mainland of .^a and in Borneo (Hora, 1962), reference was m^e to Fang’s (19116) 
paper on the study of Crossostomid fishes of China. Both the Gastroroyzonid and 
Cro.s 80 stomid fishes pertain to the subfamily Gastromyzoninae (Hora, 1932) which 
has now been raised to the rank of a distinct family (Hora, I960). It has also been 
showii (Hora and Jayaram, 1961, p. 62 ) that by a simple reduction in the size of 
the gill-ojienings and their restriction to the dorsal and lateral surfaces, Farhomal- 
optera \'aillant, a Crossostomid fish, may have given rise to Protomyzon Hora, a 
Gastromyzonitl fish. Recently, in a communication, Dr. L. S. Ramaswami has 
informed that, on the basis of skull structure, Glaniopsis Boulenger (see Hora and 
•layaram, 1961), and Protomyzon Hora are closely related. Olaniojtsis, according 
to Dr. Ramaswami, has many characters of NemacMlus (Cobitidae) but has also 
developed some special features of the Gastromyzonidae. Thus in Borneo, we 
have a group of three genera, perhaps not genetically related, in which we can trace 
the origin of the Gastromyzonidae from the Nemachilinae of the Cobitidae through 
eVossostominae to the Gastromyzoninae. Though we have similar groups of genera 
on the mainland of Asia, it is remarkable that no Crossostomid genus of Borneo is 
found on the mainland of Asia and, as in the Gastromyzoninae, it seems probable 
that the Crossostominae of Borneo may have evolved independently from the 
generalised Cobitid stock. 

No new genera pertaining to the Crossostominae have been described since 
their revision by Fang in 1936. There are six genera from the mainland of Asia, 
namely Annarnia Hora, Liniparhomaloptera Fang, Vanmanenia Hora, Praefor- 
mosania Fang, Formosania Oshima and Crossostoma Sauvage. According to Fang 
(p. 66), Annarnia and Liniparhomaloplera are inde|X5ndently evolved from 
‘Primitive crossostomoid Fishes (Nemachiloid ancestral stocks)*, while the 
remaining four genera, though evolved from the same stock, form a progressive 
series of evolutionary changes. There can be no doubt almut the unique features 
of Annarnia, they are on par with those of Sewellia Hora, a Qastromyzonid fish of 
Indo-China. The relationships of the other genera, however, need further 
comments. 

According to Fang, Liniparhomaloptera of China directly {Mv^e rise to 
Parhomaloptera of Borneo. Unfortxmately, sufficient material of finse genera 
is not available to discuss this point from a detailed morphological study of their 
internal structure. In Liniparhomaloptera, the rostral groove is absent {versus 
present in Parhomaloptera), the rostral barbels do not arise from the groove but 
are associated with the rostral fold, the number of rays in the paired fins is P,l/16; 
V,l/8 (versus P.1/16-18, V.1/10 in Parhomaloptera) and scales cover a part of the 
ventral surface between the bases of the pectoral fins. The absence of the rostral 
groove and disposition of the barbels differentiate Liniparhomaloptera from Par- 
homaloptera and show its aflSbnity to a form like Crossostoma. I am inclined to 
regard Liniparhomaloptera and Crossostoma as having been derived from a common 
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TxxT rto. 1. Map showing the distribution of the CroasoBtomid genera. 

A. Pwformosama Fang; B, ParkomalopUra Vaillant; C. QUmiop$$i 
Boulengor; D, Limparhomaloptera Fang; E. Annamia Hora; F, Fonmonen* 
ia Hora; G. FortnOMtita Oahiina; H, Cro$ 9 oatonia 8auvage. 
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ancestral stock but diverged from each other at a very early atage, the former being 
aoNT less specialized than the latter. Both the genera are devoid of any rostral 
groove. 



A B 

Tkxt-fio. 2, Ventral surfat'o of head and anterior part of body of himparhomalopura Fang 
* and Parhomaloptera Vaillant. (After Fang.) 

A. Liniparhotruiloptera Fang; B. Par/mnalojttvra Vaillant. 


After examining specimens of Crossostonui in various Nattiral History Museums 
of the U.S.A., I (1960) am now of the opinion that there are only twt) known species 
in the genus, C\ davidi Sauvage and C, fascimuda 'Nichols. (\ Higmafa Nichols 
and 0, tinkhami Herre seem to be synonymous with ( • . fascicAiuda. There is con* 



B 

ToxT-no. 3. Mouth and amooiated structuren of C'roasoDloma Hauvago. 

A. CroaaoHoma davidi Sauvago ; B. Croaaoeloma faacieauda Nichola. 

sidersble confusion between these two species also. After examining a large 
amount of material in the American Museum of Natural History, I was able to 
distinguish them by their colouration, relative extent of pelvic fins, size of the eye 
and position and size of rostral barbels. Tchang (1932) described C. fosekmida 
fooehmveims, but Fang (1935, p. 89) considered it a synonym of C. davidi. 
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I agree with Fang that Vanmanenia Hora, Praeformosania Fang and 
Forwomnia Oshima form an evolutionary aeries of progressive specialisation. All 
the genera are provided with a rostral fold and a rostral groove. I do not agree 
with Fang that Cro^Mosloma represents the most specialized member of this series. 
IVohahly be has been led to this conclusion by wongly referring C. fascicauda to 



Text iri<r <. Mouth ami aeusof'iated stnicturos of Formomnia Oshuna. 

the genus Formosan in. In the broad rostral groove of Formosania^ there are three 
harbels with broad bases which are placed across the groov’^e (ind join the anterior 
Up with the rostral fol<l, reminding one of a similar condition in the Gastromyzonid 
giaius Sen elf ia Horn. T'ht re is m^thing of this nature in Crossostoma fascicauda. 
In (Icscrihing Vatnnanenia in lt>32, I showed its relationships to Formosavia and 
indicated that somt* int<Tmediate form will be discovered. Praeforinosania now 
bridges the gulf between the two genera, though it is much closer to Formosania 
tlian to Vanmanenia. 

The relati<inship8 <*f the Orossostomid fishes can be represented as shown below: 



Text no. 5. Probable lines of evolution of the Crossoatomid fi^es on the mainland of 

Asia and in Borneo, 
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It is presumed from the above discussion that the Crossostomid fishes 
not only evolved independently in Borneo and on the mainland of Asia, but 
on the mainland they evolved independently at least along four lines and in 
Borneo along two linos. The basic stock in all cases seems to have l)eou 
provided by the Cobitid loaches of the Nemachilus-iy^. 


SmOlCABT. 

Morphological and Palaoogeographical ovidoncos all point to the conoluaion that the 
Cr088O8tomoid fiHhes. like the Gastromyzonid fijsheg, evolved indopondontly both in Hommi and 
on the mainland of Asia from primitive cobitid loaches of the AVf«acAt7w«-typo. Further, 
in the mainland they soem to have evolved independently along four lines and in Homeo along 
two lines. 
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Intboductton. 

Since the enunciation of tiie Satptira Hypothesis (Hora, 1937), much work 
haa been done on tho biogeograpliy of India. Recently a Sympoaium was held 
under the auspices of the National Institute of Sciences of India on the ‘Satpura 
Hypothesis of the "Distribution of Malayan Fauna and Flora to Peninsular India’, 
(Hora, el al., 1949) containing contributions from diflerent sciences, such as. 
Geology, Meteorology, Botany and Zoology. In a revusw of this Symposium, Dr. 
Ernst Mayr (1950, p. 363) stated that: 

“The members of the Malayan fauna isolateil on the Indian Peninsula 
indicate various levels of evolutionary divergence, ranging from endemic 
species to subspecifio identity. A more complete analysis may shed further 
light on the period of immigration”. 

In a letter to Dr. Hora, he also suggested that the Hypothesis bo tackled from 
three other asjiects {vide Hora, 1951, p. 437). The first of these, namely, the 
possibility of dispersal of torrential fauna in spite of tho existence of the Garo- 
Rajmahal Gap has been further elucidated by Hora {loc. cU.). Menon (1951) 
investigating the third problem, namely, the possibility of the Eastern Ghats 
acting as an alternative route of migration, found after a detailed study of the fish 
fauna of the Eastern Gihats and the Orissa Hills, that there were no t 3 rpical 
representatives of the so-called Malayan element there. 

The present communication deals with Dr. Mayr’s second suggestion, namely, 
a taxonomic assessment of the fishes with the so-called Malayan afiloities in Penin- 
sular India and their different levels of evolutionary divergence. Peninsular India 
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is cormirlered here as the triangular Plateau lying south of the Indo-Gangetio 
alluvium and extending to the north ••cast as far as the Rajmahal Hills.* In his 
revision of the Indian freshwater fishes, Dr. Hora has clarified the taxonomic 
position of many of the P<3n insular representatives, but still there remain a number 
of H[K?cieK with Malayan affinities, the taxonomy olf wliich need further elucidation. 
It is, therefore, proposed to deal with the taxonomic assessment of the species before 
discusHing their e.volutionary divergences. 


Table showing the list of species with the so-called Malayan ' 
AmNiTiES IN Peninsular India. 

In the following table (Table 1) are listed all important Peninsular genera and 
species of fishes showing Malayan affinities. This table also indicates the eastern 
affinities of the forms now rcHiricted to the Peninsula. In the remarks column, 
rcferenc<;H are ma<le to previous important works on their taxonomic and zoogeo- 
graphieal asjH^cts. The spe(nes, whose taxonomic status needs further elucidation; 
are df^alt with st'paraiely in the m;xi section of the paper. * 

In column two of the following table the localities arc arranged as follows: 
(1) Kastern Himalayas, (2) Northern Burma, (3) Yunnan and Southern China, 
(4) fudo-Ohina, (5) Lower Burma, (0) Thailand, (7) Malaya Peninsula, and (8) Indo- 
Australian Arehip<^lago. The distrilaition of the genera in the above areas and 
that of the Peninsular isolaU^s arc also indicated in this column. 


Taxonomio, Assessment of certain forms. 

Itohlee Sykes. 

Syke.s (1841), in erecting the genus Rohfee for throe species from Peninsular 
India, did not denote any one of tlu»m as the type of liis new genus. Jordan (1919) 
namo<l li. vpjorsn Sykes as fhe orthoty])c of the genus Hohtee and this was adopted 
by later workers, like Mukerji (1934), Hora (1940) and Smith (1946). wSmith, 
however, stated that ‘the first designation of the type of RoJitee was by Bleeker 
(lSfi4, 314), ‘wlum R. oijilhii wjvs definitely selected’. 

R, ogilhii Sykes, on account of the ])rcscnco of a procumbent predorsal spine 
was placed under the genus Aftfsiacoleucus Gtlnther by Hora (1940). But since 
Bleeker fiad already designated R. ogilhii as the type of Rohtee, it is only proper, 
that, species now iissigned to Mi/stacolfucus (forms with procumbent predorsal 
spine) he plact'd under Rohtfe. With this nomenclatorial change, the species other 
than ogUhti, which arc included under Rohtee (Hora, 1940), have to take another 
gonene and the use of Ostfobrama Heckel for them is considered valid. 

Ihus, Rohtee which is characterised by the presence of a procumbent predorsal 
^me IS represented in Peninsular India on thi^ one hand and Lower Burma, 
Jhaiiami, Malaya Peninsula and the Tndo- Australian Archipelago on the other. 

I he ( hinese species mth prociimhent predorsal spine were grouped under the 
genera Spirnho^ Oshima and Spiniharbkhthys Oshima. For a satisfactory 

necessary to split up the genus into two 
subgiuera, both on taxonomic as well as on geographical grounds The tvDe 

Peninsular India, which is geographical^ widely separatS 
laWfll^Un ^ considerably from the rest in the number of 

unaa). All the remammg species arc giooped under MysUtechiKm, whli* Is 
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r^arded here as a subgenus of Rohtee. The known species of Sohtee and their 
range of distribution are given below : 

MofUee (Jtohtee) ogilbii Sykes . . Deccan, Peninsular India. 

Rohtee {Mystacolevctui) argentetus 

(Day) . , . . . . Burma. 

Rohtee (Mpatacolevcus) marginatua 

^’^alenciennes . . . . Lower Burma, Thailand, Malaya Pen- 
insula and the I ndo- Australian 

Archipelago. 

Rohtee (Myatacoleuata) chilopterva 
Fowler . . , . . . Thailand. 

Rohtee {Myatacoleticua) atridoraalia 

Fowler . . . , . . Thailand. 

Rohtee (Myatacolevcua) padangenaia 

(Bleeker) . . . . Sumatra. 


Puntiua ticto Hamilton. 

Day (1878) gave the range of distribution of Pvtitiva ticto as, ‘Sind, throughout 
India and Ceylon’, and recognised two other closely related species, viz., Puntiua 
pimctatua in Peninsular India and Puntiua atoliczhmua in Burma. Regarding the 
latter he observed: 

‘This species bears a strong resemblance to B. ticto H.B., wluch it appears 
to supersede in Burma. But it is distinguished by a complete instead of an 
incomplete lateral line, and its body is not so compressed; its dorsal spine and 
colouring also differ.’ 

Smith (1946) also remarked on the groat similarity of P. atoliczhmua to P. 
ticto. Hora, Misra and Malik (1939), who studied the variations in Puntiva ticto, 
assigned P. punctatua and P. atoliczkanus to its synonymy, as they found it difEcult 
to separate the Peninsular and the Burmese forms from P. ticto specifically. They 
also stated that : 

‘In’ studying several collections of freshwater fishes from India and 
'Burma, Hora found considerable variation in specific characters usually relied 
upon for the determination of Hamilton’s Cyprinua (Puntiua) ticto. Though 
he recently made an attempt to give the diagnostic features of Barhua (Puntiua) 
atoliezkanua Day, a form closely allied to B. ticto, a collection from Dalu, in the 
Upper Chindwin Drainage showed that these characters were not of much use 
in separating the two species. Moreover, the specimens of B. ticto from 
Peninsular India were found to exhibit gradations between the two forms, 
while Day’s B. punctatua from South India appeared to be identical with the 
Burmese B. atoliczhmua.' 

■ The morphometric data that they gave for a number of specimens of Puntiua 
ticto from different localities along its range of distribution has been of considerable 
help in redefining the present limits of the species. 'When the characters of P. 
ticto are taken as a whole, they seem to be highly variable and overlapping, thus 
forming more or less a mix up. But as in the case of Puntiua aarana Hamilton, 
(Pillay, 1961) certain characters in P. ticto are also more predominant and well 
defined in some areas than in the others. Both marked qualitative and 
quantitative variations are present towards either extremity of its range of 
distribution. Taxonomically as well as on geographical grounds, such localised 
conditions or divergences from the typical form would entail the iMtitution of 
separate species, subspecies or races, for such forms. But these divergences of 
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P. ticto in Peninsular India and Burma do not seem to be of specific levels, as can 
be noted from the following table : 


Puniiua ticto punctutuB 
(Day). 

puntius ticto ticto 

Hamilton. i 

1 

Puntitis tieto ttoliezkanus 
(Day). 

I^iateral lino romploto 

1M6; L.l.2,V24 

Prodorrtiil mc hIoh 8 

rows of HoaloH l>otwo<*n 
latoral lino and polvirM, 
DiBtribution i Malabar and 
(^oroTnandol coftHt, Poniii* 
Hular India. 

I^tf^ral lino incomplote 
(porffiratod 8ralo« 6~16). 
1M5; L. 1.23-26 

Prodornal 8< alon 11 

4 5 n)WH <»f hotwoen 

lateral line an<l j>ol\icH. 
Thrr)ugliout Coylon, India 
and Hurma. 

I^ateral lino complote, 

P.14; L.1.25. 

Predorsal scale.s 8-10. 

34 rows of scales between lateral 
[ lino and pelvics. 

Lower Burma and Tliailand. 

1 

i 


On thew^ groundis it has been found necessary to resurrect the names punctains 
and Hlidiczkanus^ and tliey ar(3 treated as subspecies of Puntius ticto, which has a 
uide range of distribution, being found in Ceylon, India and Burma. However, 
it is inter/^sting to note that both in Peninsular India on the one hand and in Burma 
and Thailand on the otluT, P, ticto has diverged almost along similar lines. 


OdUohrama Heckcl. 

Of the sfK*(U(\s of (Utcohrawa at present knoMTi from India, Burma, Southern 
(Uiina (Yunnan) and Tndo-China, O, cotio (Hamilton) is of considerable interest, 
for this s[H>eies seems to have diverged both in Peninsular India and in Burma into 
two geographical ra(?es. Earli<*r workers considered the Peninsular and Burmese 
forms as one and the same variety of cotio, tianiely, O. cotio var. cunma (Day). In 
stating the aftinitu's of this form with the forma tt/picu, Hora and Misra (1940) 
observed : 

‘ It differs from Rohtec cotio in having somewhat larger and more 
regularly arranged scales (L.].42-.i8 verms 57-70), predorsal scales 18-24 
versus 24 28; between lateral line and pel vies 7J-9J versus lOj to 13 and fewer 
rays in the anal fin (28-34 versus 31-36). In all other respects, except that 
the variety cunma probably grows to somewhat larger size, the two forms are 
Very similar and there seems no doubt that they must have become differen- 
tiated not very long ago.’ 

Vinciguerra (1890) recognised X’^aleneieruie’s R. aljrediana as a distinct species 
in Burma. The variety cun^na was described by Day (1878) from 8X>ecimens 
collectcii from Burma. Hora and Misra {op. cit.) clarified the status of alfrediana, 
but they Iuivt included the Peninsular species under the variety cunma. The 
morphometric data that they gave of a number of Rpecimens of cunma from 
Burma and Peninsular India show's that the Peninsular and Burmese populations 
of cunma are in fact ilifferent to a certain extent. The main variations found 
bet wetm O. c>otio c>otio and the Peninsular and Burmese forms ascribed to cunma 
are tabulated below: 


No. i 

Cliaraoters. 

0. cotio var. 
(Peninsular India). 

i 

0 . cotio cotio. 

0, cotio cunma 
{ alfrediana) 
Burma. 

1 

2 

3 

4 

No. of scales along L.I, 

No. of predorsal scales 

No. of scales between L.T, and V 

I No. of branched anal mys 

m 

6»-70 

24-29 

10^13 

33-38 

42-63 

28-30 

7J-8t 

26-29 
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It is seen that the Burmese and Peninsular populations do differ from each 
other, and as O. cotio cunma is already applied to the Burmese forms, the Peninsular 
variety stands without a name. It is, therefore, jyroposed to denote the latter here 
as Ostedbrama cotio var. peninsvlarift, nov. The new variety may be briefly 
characterised as follows: 


OMeohramn cotio var. penintotlari^, nov. 

D.3/9; P.16; V.1/9; A.3/28-31 ; 0.19; L.1.66-60. 

Head contained 3-76 to 4'5 and height of body 2'26 to 2’76 in standard length. 
Diameter of eye 2*6 to 3 in head. Diameter of eye about that of inter-orbital width. 
Dorsal commences nearer to tip of snout than to base of caudal. Pectorals reach 
slightly beyond pelvic origin and peK'ics extend up to anal fin. Anal with 28 to 
31 branched rays. Scales 65 to ^ along lateral line. 7| to 9J scales between 
lateral lino and pelvics. Predorsal scales 21 to 24. The colour in spirit is pale 
Yellowish, the upper half being darker. Fins are unmarked. 

The type locality of this new variety is Poona in the Bombay Presidency. 
A number of specimens from this type locality are present in the collection of the 
Zoological Survey of India (Indian Museum). 


Silonia Swainson. 

Day (1878) gave the distribution of Silonia as ‘Estuaries of India and Burma, 
ascemling high up the larger riv'ers to nearly their sources’. As originally defined 
Silonia possesses two minute barbels and this led Hora (1937) to consider 
S. childreni (Sykes) from Peninsular India with four barbels as falling under a 
separate genus, Silonopangaaiw. Majuradar (1951) records the presence of four 
barbels in Silonia silondia (Hamilton) in Northern India. In a series of specimens 
examined by him he found that the mandibulary pair, though present, was 
embedded in the skin. This being the case, it would seem that the Peninsular 
forms come within the range of variation of Silonia and it has become necessary, 
therefore, to suppress Silonopangasiva Hora and treat it as a synon 3 nn of Silonia 
Swainson. The two Indian species differ principally by the nature of the air- 
bladder. It would seem that S. childreni of South India has become secondarily 
specialised owing to the tilting of the Western Ghats and the consequent changes 
resulting in the rejuvenation of the streams in the Peninsula. 


Silurus Linneaus. 

Miss Haig (1950), while describing a new species of Silvrva, 8. goae from 
Peninsular India also recognised one other Indian species, viz., 8. eochinchinenaia 
Valenciennes. On the nature of the barbels Hora (1936) had already recognised 
two Indian species, 8. wynaadenaia Day and 8. eochinchinenaia, and with the latter 
he synonymised 8, afgana Gtinther, Silurichthya herdmorei Bljdh, and Pterocryptia 
gangetica Peters. Bhimachar and Rao (1940) considered 8. wynaadenaia to be 
synonymous with 8. eochinchinenaia. 

Blyth’s type of 8ilurichthya herdmorei is preserved ih the collection of the 
Zoological Survey of India. From an examination of this specimen, as well as the 
8ilurua material in the collection, I am led to conclude that 8 . herdmorei differs 
from S. eochinchinenaia both in the nature of the dentition as well as the number 
of anal rays, but shows great aflinities to 8 . loynaadenaia of Peninsular India. From 
the latter it differs only in the nature of the barbels. But this character is very 
highly variable in many of the Siluroid genera and species, and as such, no great 
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importance can be attached to it. Therefore, on the nature of the dentition and the 
numt)er of anal rays, S. tvyitaadenMu is considered here as a sabspeoies of 
.V. herdmore.i (Blyth). Whether S. coehinchinamis co-exists with 8, berdmoeri 
wifnaadenais (Day) or not can bo said only after examining more material of these 
forms from Peninsular India. A detailed account of the taxonomy of this genus 
will be discussed in a separate paper. 



Tkxt er<i. I . Nuturo of the d<-nti»i<>n in Hp<»cics of Siliirus Linnapiis. 

(rt) S. rocliiiichinetm« X'liiencieonoH. x5. 

(b) , S. berdi/iorei bfrr/morei (lilyth). x!>. 

(c) iS. berdmorei ufynntidenais (Day), x 5. 

(</) .S', ijone Uai^. x 4. 


The other Penin.s\ilar species, iV. goaf is distinguished from 8. berdmorei by its 
much (hx'iKT ImhIv, more extensive vomerine bands and the maxillary band being 
div'ided in the centre. 


( 'larias Gronovius. 

In 1930, llora discussed the systematic position of the various forms of Clarias 
described from India, Burma and Ceylon and concluded that only three species 
can bo recognised 'from these regions. They are Glorias batrachua (Linneaus) 
(Ceylon, India, Burma, Malaya Peninsula and Indo- Australian Archipelago); 
Claruis brachgsoma GOnther (Ceylon) and Glarias dayi Hora (Wynaad Hills, 
Western Ghats). T^ater, in 1941 he revived the name C. dussumieri Cuv. & Val., 
for specimens from Malabar, South Canara, Goa, Belgaum and Pondicherry and 
stated : 

* Except for differences in the nature of the pectoral spine and vomerine 
teeth and the length of the barbels, C. dussumieri is closely related to 
G. brachysorna of Ceylon and ('. dayi of Wynaad.’ 

Day (1878) identified a single specimen from Wynaad as Glarias dussumieri 
Cuv. & Val., then known from Malabar and Pondicherry. This specimen formed 
the type of Hora’s species G. dayi (Hora, 1941). As the specimens had well-defined 
teeth on the anterior surface of the pectoral spines, as seen in Bleeker’s G. metaderma 
of Malaya Archipelago, Day placed the latter in synonymy of G. dussumieri. He 
expressed doubts regarding the validity of C. brachysoma of Ceylon as a distinct 
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species, and placed it in the synonymy of (\ teyAnmnni Bleeker of Malaya Peninsula. 
Hora and Gupta (1941) drew attention to the variations in the shaj^e of the occipital 
process of C\ ieysmanni in Malaya which intergrados with the condition seen in 
C, brachysoma of Ct^ylon. Smith (1945) did not consider (\ hrachysotna as distinct 
from C, teyAmanni^ for, regarding tlie distribution of the latter he stated: 

‘This species kno\ioi also from Ceylon, Malaya, Sumatra, Borneo and 
Java has a very limited distribution in Thailand. ’ 

Undoubtedly, the great similarity between the Malayan and the Peninsular 
Indian and Ceylonese forms has given rise to this confusion in the taxonomy of 
these fishes. Therefore, to clarify this, it would seem best, both from distributional 
data as well as on the nature of morphological characters to consider the Peninsular 
Indian and Malayan species showing intra-rolationshijis under t wo complexes or 
associations. f\ hatrachus bcting very widely distributed is not of importance in 
this taxonomic assessment, and hence is left out. To the remaining Peninsular 
<and Ceylonese species the name duAAumieri may be ajiplied as it has priority over 
bracJiysonui and dayi. The species recognised in the d^t^sn mieri-ffivyiYi are: 

Clarias duAsumieri duAsumieri X'^alenciennes. 

Clarias duAsumieri dayi (Hora). 

('UtriaA duAAumieri hrachyAoma Giinthcr. 

A complete taxonomic assessment of the eastern species, namely, Clarias 
meladerwa Bhvker; C. ffysnianni Bleeker; (\ hiacanfhuA Bleeker and C. macro- 
c4tphalvA Gtinther is wanting. The first tw'o species, as already indicated, evince 
great aflfinity to the diiAsnmieri-fi^Tcnxp, In case (\ leiacanthnA and (\ viacrocephalus 
also show great similarity to meladerma and ipyAit^anni^ then all four species may 
have to be placed under one group or 8U])er species, and the name meladerma is 
suggested, as it is the oldest in use. 

Th® intra-relationships of the dusAumieri-gvowp are considered below. In 
having a more coarsely serrated spine, somewhat shorter barbels and more obtuse 
teeth on the palate, C, dussumieri dvAAurrtieri differs from dnAAumieri brachyAoma 
of Ceylon. From C. dvAAumieri dayi it can be separated by its much longer nasal 
barbels, less molariform teeth and less strongly serrated pectoral spine. It is thus 
intermediate between brachi/Aoma and dayi. As in the ease of the catfishes of the 
genera ErethiAtes and Conia (Hora, 1951) inhabiting the swift streams of the Eastern 
Himalayas, the serrations on the outer border of thc^ pectoral spines of C. dayi may 
represent an adaptive modification to help the fish to anchor to the substratum in 
fast-flowring waters, C. dussumieri dayi in w'^hich these serrations are well 
developed, is so far known only from the streams of the Wynaad Hills. 

The cl<^e similarity of the Malayan and Peninsular Indian species of the genus 
OlariorA indicate the possibility of a common ancestral stock for these fishes. At 
either extremities the genus has proliferated giving rise to a number of similar 
forms. 

Priatolepis Jerdon. 

Speaking of the distribution of Pristolepis, Day (1878) observed: 

" Preshwaters of the plains and hills of India, Burma, Siam and Malaya 
Archipelago; those with villiform teeth in the adult on the vomer appear to 
belong to India proper (Paranandus); those with globular teeth on that bone 
to Burma and eastwards (Catopra ). ' 

The three species recognised by Day were : P. rnargivatus Jerdon from Wynaad 
mils, P. malabaricvs (Gfinther) from the Western Ghats of Malabar and P. fasciatua 
from Burma, Thailand and the Malaya Archipelago. Hora and Law 
(1941) listed P, fascialUA in the fauna of Travancore and gave its distribution as; 
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‘Travancore, Burma, Siam, Malaya Archipelago and Cochin China/ The diag* 
nofttic charaotcTH of the three npecies are listed in the following table: 


No. 

1 

OliaraotorH. 

P, fasciatua. 

P. marginatum. 

P. malabaricus. 

1 

i 

N<». of dorsal fin rays 

V2^UIU-\n 

15-16/11^12 

14/12-14 

2 

No. pf!<*loral fin rayH 

15 

14 

14-16 


No. f»f anal fin rayn . . 

3/a 

4/8 

3/8 

4 

No. <»f iatoral lino aoaloa 

20-28 

27-30 

26-27 

5 ' 

Vtuno-rino tooth 

Globular. 

V'illiform. 

Villiform. 


Bui for the (lin[‘en»nc<‘H in the nature of the dentition, the tlirec species seem to 
be < losely related. I\ warqiruttns and P. mnlnharicuM are more or less similar and 
it veoiild not he s!ir{)ri.sing if a d(‘tailed study shows that they are only subspecies 
or races <»f one species, P. ruanjinatus^ From the wide range of distribution of 
P. Jasrlatfis and its oeeurrciiee in Peninsular India, it would seem that the other 
two speei<‘s of Pt I'^tolf jiis in the I ‘en insula -have diverged froin /7-9ria<?/.v-like forms, 
(n any ease their t!h»se sinularity is remarkable. 

PlIYSTnOKMUfTC’ AND (’IAM\TIC' FUUTUATIONS FACILITATING MIGRATION. 

R(*eent researches show that the migration of the so-(*alled Malayan stock of 
fishes to th(* Peninsula was mainly Pliocene and Post-Pliocene. Hora (1944) drew 
attfuition to tlu' jiossihility of tliis ch‘m(‘nt having rcac'hed tlie Peninsula in a series 
of wa va‘s of migration. Bhimachar (1945) po.stulatod about four waves of migration 
of li.shes to the PiMiinsula and (\'yl(>n from the ri'gion of the Assam Himalayas. 
On th(‘ basis of the distribution of ecTtain freshwater fishes he divided the Western 
(ihats into three divisions, naru(‘lv, a nortliern division comprising the Deccan 
IVap area from tlic Ta]>ti river down to Ih'^N. T^aiitude about the level of Goa; 
a cetiiral division, extending from Ih'^N. Latitude southwards and including the 
Malnad parts of Myson* State, ('oorg, Wynaad and parts of South Canara District 
and the T^ilgiris; and a soiith('ru division, comprising the Anamalai, Palani and 
(•urdomom Hills of IVavancore. That there were a series of influxes from the east 
may b<» inferred from the distrihiitioiuil pattern of the Peuinsular Isolates {vide 
table on page 43S). ;\s it is evident lliat the greatc^r part of the migration was 

Post-Plioeene, let us consider what influence the climatic phases of the Pleistocene 
IH>riod would have had on the dis])ersal of these forms. 

In diseiissing the effects of Himalayan Glaciation on terrestrial and freshwater 
animal life in Pt*uinsular India, flora (1949) opined that the ‘Refrigeration’, though 
it affcMited the ti'iTi'sirial vert(*hrat(\s, had no direct effect on the aquatic forms. 
Recently he (Hora, 1951), however, reconsidered this point of view and on the 
basis of eustatie movements in the sea-level during the Glacial epochs and their 
effc'cts on physiograjihy and elimatology conceded that migration was made possible 
through eonse<]uential changt»s as a result of glaciation. 

Though opinion still differs as to the Plio-Pleistoceno boundary, the total 
duration of the Pleistocene and the Holocene is considered by most workers to be 
about eoo.lHX) years (Holoctaie about 22,CKK) years). the Pleistocene was 
eharaeterised by four main Glacial epochs which were intervened by three inter- 
glacial ]KTiods. The absolute ehronology for the Pleistocene for India is still 
unknown, but De Terra and Patterson (1939) investigating the relative climatic 
succession of North Western India succeeded in linking river terraces with the 
moraines of Himalayan Glaciation. The relative duration of the Himalayan 
Glacial and Tnter-glacial periods were given by them, and they also found, that 
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there existed great correlation in the connection of moraines with the aggradation 
terraces both in North-Western India and the Alps. Zeuner (1946, p. 273) also 
commented on these similarities, thei;eby throMing more light on the assumption 
that the Glaciation of the Himalayas were more or less contemporary with those 
of Europe. 

The glacial epochs, when compared with that of the interglacials were of a 
much shorter duration and vrere experienced in the southerly latitudes as a succes- 
sion of cold ‘Pluvial Periods’, which were characterised by low temperature, 
increased humidity and a fall in sea-lovel. As stated by Hora (/oc. cit.), the 
physiographic changes resulting from a fall in the level of the sea during the "Pluvial 
Periods’ of the Pleistocene, would hav'e facilitated the migration of even torrential 
hshes from the region of the Assam Himalayas to the Peninsula across the present- 
day Garo-Rajmahal Gap. 

But succeeding phases of aridity and increased desiccation, wliich resulted in 
a rise in the sea-level, consequently not only isolated certain forms, but temporarily 
•would have checked dispersal of freshwater forms from the Assam Himalayas to 
the PeiAisula. Geological evidences show that, even during the long interglacial 
periods, there were minor cold oscillations accompanied by a drop in sea-level. 
On the assumption that these minor changt;s could have affected the jjhysiography 
of India, it would seem that in addition to the major influxes of freshwater forms 
to the Peninsula which coincided with the four main Plu vials, the minor cold 
oscillations could have also made possible a succession of small waves of migration 
of such species as are usually found at the foot of the hills. The overlapping 
<li8tribution of the Peninsular Isolates points to such a conclusion. 

In this connection, the changes umlcrgonc by the drainage system of the 
Peninsula during the Pliocene and the Pleistocene will have to be considered. 
Menon (ioc. cit.), reconstructing the past drainage system of the northern part of 
the Peninsula, has shown that the Narbada-Tapti which flowed to the west as a 
single river, had Mahanadi and Godavari as its tributaries till comparatively recent 
times in geological history. The tilting of the Peninsula during the Pleistocene 
reversed this drainage system to its present-day pattern. It would seem that the 
Narbada-Tapti which drained the regions probably as far east as the Assam 
Himalayas and the whole of the Satpura trend of mountains, could have 
undoubtedly facilitated the migration of the early ‘eastern element’ to the 
Peninsula. Only this could account for the occurrence of widely separated forms 
like Silurus, Pseudobagnis, Lepidopygopsi/t, etc., in the southern parts of the 
Peninsula today. The probable time and significance of the distribution of the 
different genera are discussed in a later section. 

TaBLB showing the range op DISTRIBUTION OF THE PENINSULAR 

Isolates. 

The range of distribution of 47 species of Peninsular Isolates along the 
Vindhya-Satpura trend and the Western Ghats is given in the following table 
(Table 2). For convenience, the three divisions of the Western Ghats, as given by 
Bhimachar (loc. cit.), are adopted here. 

The localities which are indicated by numbers are as follows: (1) Damodar 
Section; (2) Rihand Section; (3) Mahanadi Section; (4) Narbada-Tapti Section; 
(6) Northern Division of the Western Ghats; (6) Central Division of the Western 
Ghats, and (7) Southern Division of the Western Ghats. 

Firom Table 2 the following analysis is made. Of the 16 isolates found 
in the Southern division of the Western Ghats, 8 are truly endemic, while six are 
common to the central and one to the nmiihem division. One species, Priatolepis 
faseiatiia is elsewhere known from Thailand and the Malayan re^on. In the 
central division there are 21 isolates, of which five are truly endemic, six extend 
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TABL15 2. 

Table showinff the range f>J dititrihuHon of the Peninsular laoUxtee, 


* " ' -- - -- --- r 



Localities. 



N'amo of 










1 

2 


4 

5 

6 

7 

Osteochilus {()ffteochilichihtj&) ihomnMsi {Jhiy) 



__ 





X 

X 

{OfftffjrhilirhthyM) nnshi (Day) 



— 

-- 

X 

X 

— 

OftieiM-hilnM (Kanfaka) hreridon^aliH 

-- 


— 


— 

X 

— 

Sch itunutorhyncbus {Nuktn) ynikta (Syk<*s) 

— 

— 

- 


X 

X 

— - 

Rohtee (Ilohtee) Ofjilbii SykrH 

— 


— 

— 

X 

X 

— 

7V>r mosal lluinilton (a now wirioty) 

- 


X 


— 

— 

— 

PuntiuH mrana v^ar. pinnuNratuH (I)a\ ) 



— 

— 


— 

X 

PunliuM tirto jmnctatUH (JJny) 



— 

— 

— 

X 

X 

Ottieobrarna coiio var. prnin>iulari.i now 

... 

- 

— 

— 

X 

— 

— 

Qarta golgla ((Jmy) 

X 

- 

X 

X 

— 

— 

— 

Labeo (MotuIIum) prox. rhrgjfophrkadion 



— 

— 

— 

♦x 

— 

/ya/>co (M( ( lollfmci) 

\ 

-- 

X 


— 


— 

U$beo dero {HamlUiai) .. 

\ 


X 

— 

— 

— 

— 

ProsMOcheiiitfi Iatiit/1 {hintniUoti) 

\ 

\ 

X 


X 

— 

— 

Thy^xnichthyn fiaudkho! (S\ kos) 




-- 

X 


— 

Hanutlofitera fnontann Horn' 

— 

- 


— 

— 


X 

Bhawinia nuMralif* ( lonlon) 



— 

— 

— 

X 

X 

'fravancorift joncMi Mom 

... 

— - 

— 


— 

— 

X 

Bulitoru brucfi \'ar mynon ntds H*»rn 




— 

X 

X 


PsUorhynchuM sucatio var. 

\ 



— 

— 

— 

— 

Le.pidopygojtMiH typu« K*ij 

- 

- 

— 


— 

— 

— 

Silonia Hilondia (iliinulfon) 



— 


— - 

X 

— 

Silonia childreni (Syk<*H) 




— 

X 

X 

X 

PangfXHiuH pangnsi^tH (Hamilton) . . 

... 



— 

-- 

X 


KutfopiichthyM yoongiraree (Sykos) . . . . 


— 

— 

— 

X 

— 

— 

Neotropius khavalehor KulUurni 

- - 

--- 

— 

— 

X 

— 

— 

iiatasio iramncorin Hora A’ l^aw 

- 

. — 

-- 

— 

— 

— 

X 

Hatasio prox. (vnynna (UhiiuH«»ii) , 

.... 


X 

— 

— 

— 

— 

PseudohiUjruH brachijfionm (UinUit r 



— 


— 

X 

X 

ihiijata cenia (II»niiilt<»n) 

\ 

\ 

X 

— 

— 

— 

— 

(Umatn itchkeea (^ykvH) , , 

— 

- 


; 

X 

X 

— 

Giigata (jnyata (Hamilton) 

-- 

.... 

X 

1 

— 

— 

— 

Laguvia riheirai Horn . . ^ . 

\ 

\ 

.X 

X 

— 

— 

— 

Olypiothorax horai Shaw Shol)^)(^al'<' 

1 

x 


— 

— 

— 

— 

Olyptothorax antuvidnU i Ifora 


X 

— 

1 .. 

X 

X 

— 

ICrethiatoides rftontayta vnr pijjxri Horn 

“ 

X 


I 

— 

— 

— 

AmUyccpn manytnty (Hamilton) 

1 

X 

1 X 

X 

— 

— 

— 

SHurHs go<ti‘ Htiijj: 

- 

— 

— 


— 

X 

X 

Siluruti berdrnorei \ar wynaadenfiia (Day) 


— 


— 

— 

X 

— 

Silurus cochinchinensis \k\\oni’{or\noi*i 




— 

— 

— 

X 

— 

Clarins dussH aUeri dunsutnhn'i V’aloticic'nnos 

t 

_ . 





— 

X 

X 

(Hariaa diifisufnieri dayi (H»>rn) 


— 

— 

— 

— 

X 

— 

PristolepU maryinatus marginaina Jordon 

— 

— 

— 

— 

— 

X 

— 

Pristolepia maryinatua malaburicua ((hintlior) . . 

— 


— 

— 

— 

X 

X 

l*risiolepis Jaadatna 


— 

— 

— 

— 

— 

X 

Arnphipnous foaaoriua Nair 


— 

— 

— 

— 

— 

X 

Tctraodon {Monoirctua) travancoricxia Kora & Kair 

— 

— 

1 

— 

— 

— 

X 


to the southern division, seven to tlie northern division and one to the Bihand 
section. The two speeies Silnnia mjondia and Pa^gasius pangasivs are known 
generally from Northern India and further east. Silunis cochinchinensis is else- 
where found in the region of the Eastern Himalayas, Northern Burma, Southern 
China and Indo-China. In the nortliern division there are four endemic forms 
whiU> seven are common to the central and one to the southern divisions; one to 
the Rihan<l and one is foimd all along the Vindhya-Satpura trend. The three 
isolates found in the Narbada-Tapti section are also found all along the Vindhya 
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Satpura trend. Of the nine isolates of the Mahanadi section, one is truly endemio, 
while one is common to the Northern division of the Western Ohats, two to the 
Narbada-Tapti section, three to the Rihand and six to the Damodar section. In 
the Bihand section, out of seven isolates, only one is truly endemio, while one is 
common to the central and northern divisions of the Western Ghats, one to the 
northern division, two to the Narbada-Tapti section, three to the Mahanadi and 
four to the Damodar section. Of the eight isolates of the Damodar section, one 
is truly endemic, while one is common to the northern division of the Western 
Ghats, three to the Narbada-Tapti and six to the Mahanadi sections. 

It will thus be seen that endemicity is more pronounced m the extreme 
southern section of the Western Ghats below the Palgliat Gap and gradually 
decreases as one goes up along the Ghats and then the Vindhya-Satpura trend of 
mountains. High endemicity is a clear proof of the longer isolation of tlie forms 
in the southern portion of Peninsular India. 

Levels op evolutionary diveroences. 

• In order to get a clear understanding of the status of the Peninsular Isolate8» 
the category of species showing a continuous range of distribution, throughout 







^ L. DYOCHEILCS (Me OeliuMl). 

Q L. DERO (Ham). 

O C. LATIUS (Ham). 

@G. GOTYLA (Gray). 

^ L. RI&EIROI Hora. 

0 G. CENIA (Ham). 

O OAOATA (Ham). 

0GL. ANNANDALEI Hora. 

OoL. HORAI SImw&Shebbeare. 

(]| a PROX. TESGANA (Ham). 

(Q A. MANGOIS (Ham). 

S. SILONOIA (Ham). 

0P. PANGASIU8 (Ham). 

/\ S, COCHINCHfNENSIS (Cuv.&Val). 
A r. FASCIATUS (BIcciusr). 




Tbxt-fio, 2. Outline map of Peninsular India showing the distribution of species which are 
represented in the Eastern Himalayas, Burma and further east by taxono- 
mically identical forms. 






440 K. O. SILAS: FURTHER STUDIES REGARDING HORANS SATPUBA HYPOTHESIS 

India, Burma, Thailand, and further east, such as, Clarias bairachu^y Oreickthya 
coauaiia, iJamo aeqnipinnatnay etc., have not been included in the list. Even in 
the ease of some of these forms the range of distribution is great enough, so that 
variations correlaU^d with geography could exist, which would probably justify 
the erection of new races or subspecies. But this would entail a detailed study of 
the species conccnied along its whole range of distribution. 

Unlike birds (Ripley, 1949), among fishes the various levels of evolutiona^ 
fliv'^ergerices have been of a much greater magnitude, ranging from generic to racial 
levels. Obviously, the rates of evolution are not the same in all the genera. The 
forms most affected sef^m to be the torrential fishes, for being highly specialised, 
they are likely to become isolated in certain river-systems, as a result of which 
the rate of sjKJciation is accelerated in them. The different levels of evolutionary 
divergences of the Peninsular lso!atc.s are given below : 


1 . 

Bhavania Hora. 

Travancoria flora. 


Generic Divergence. 

Lepidopygopsta Raj. 
Neotropiua Kulkami. 


OaUochilxrMhys Horn. 
Nnkta flora. 


2. Subgenoric Divergence. 

Kaniaka flora. 
Hohtee vSykes. 


.*1. Specific Divergence. 


()al(*i)chilua (Ostrochilichthns) 7}ashii (Day). 
Thynnichthya aatidkhol (Sykes). 

LaJheo {Moniliffa) prox. chryaofdiekadum 
Bleeker. 

Ilomaloptfra montfwa Herre. 

Silonia childtrni (Sykes). 

Butrnpiirhlhys goongwaree (Sykes), 

Hitiaaio travaticoria Hora and Law. 


Psmdohn4grus hraohysoinn Gflnther. 

(fagata Uchkeea (Sykes). 

Silnnia goae Haig. 

Antphipnoua foaseriua Nair. 

T ft rnodon (Monotretiis) travancoricxis 

Hora and Nair. 


4. SuKspecific and 

Puntiua ticio punctalm (Day). 

Pimtius sarana pinnanraUia (Day). 

Tor mosal var. 

Pailorhynchva sucatio var. 

Oateobrania coiio var. peninaularia, nov. 

Balitora var. mysorensia Hora. 


Racial Divergence. 

Erithistoides montana var. pipri Hora. 
Silurua herdmorei var. wynaadenais 
(Day). 

Clarios dvasiimieri dussurnieri Val. 
Clarifia dussurnieri dayi (Hora). 

Prisiolepis margincUus marginatxis 

Jerdon. 

Prisiolepis marginatus rnalabaricua 

(GOnther). 
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Jis 


Op. TICTO PUNCTATUS (0«y I 
Oc* SARANA PINNAURATU8 (OtyK 
0 O. COTIO V*r. PBNINSULARIS Nov. 

^ TOR MOSAL Var. 

UpSILORHYNCHUS SUCATIO Var. 

Ob. BRUCEI MYSORENSIS Hort. 

E. UONTANA PIPRl Hon. 

@S. BBROMOREl WVNAADBNSI8 (O.yl 
^C. DUSSUMIERI DUSSUMIERI CftV 
^C. DUSSUMIERI DAYI (HonX 
Ap. MARGINATUS MARGINATUS 
Ap. M^GlNATUS MALABA RICUSffSilntlwr'^ 


TEacr-KQ- 3* Outline map of Peninsular India showing the distribution of Subsijecido and 
Racial divorgents among the Peninsular Isolates with Malayan afiinitioa. 


6. Species showuig Discontinuous Distribution. 

Oarra gotyU (Gray). Laguvia ribeiroi Hora. 

Labeo dyocheilus (McClelland). Glyptothorax horai Shaw & Shcbbeare. 

Labeo dew (Hamilton), Glyptothorax annandaki Hora. 

Crossocheilus latiiis (Hamilton). Silonia silondia (Hamilton). 

Batasio prox. tengana (Hamilton). Pangaaius pangaaius (Hamilton). 

Gagata cenia (Hamilton). Amblycepa mangoia (Hamilton). 

Qagata gagata (Hamilton). Silurua coehinchinenaia Valenciennes. 

Priatolepia faaciatua Sleeker. 


The fifteen species included in the fifth category are identical (taxonomically) 
with the Assam Himalayan and further eastern populations. The approximate 
percentages of the different levels of divergences of the 47 Peninsular Isolates 


considered here are given below : 

Generic Divergence .. •• •• •• 8’61% 

Subgeneric Divergence .. 8-61% 

Specific Divergence • •* •• •• 26-63 % 

Subspeeific and Racial Divergence . . • • 26-63 /o 

Percentage of taxonomically identical forms . . . • 31*91% 
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H. MONTANA Hcrre. 

_ R AUSTRALIS Octdon). 
tS)T. JONESI Hot*. 

T. SAHDKHOL (Sykes). 

S. (NUKTA) NUKTA (Sykes). 

Ao. (KANTAKA) BREVIDORSALIS (Day). | 
0O.(OSTEOCHILICHTHYS)THOMASSI(Day). 
Qo. (OSTEOCHILICHTHYS) NASHII(Day).| 
QR- (ROHTEB) OGILBII Sykei. 

(Bl. (M0RUtlUS)Pr<».CHRY80PHEKA0l0N 
^ (Sleeker). 

L. TYPOS Rs). 

0 S. CHILDRENI (Sykes) 

0 E. GOONGWAREE (Sykes) 

■ N. KAVALCHOR Kullurni. 

0B. TRAVANCORIA Hors&Ltw, 

P. DRACHYSOMA GUntber . 

0 G, ITCHKEEA (Sykes). 

0 S. GOAE Haig. 

(^A. FOSSORIUS Naif. 

O ^T. (MONOTRETUS) TRAVAMCORICUS -1 

Hora&Nalrjf 


ie 


12 


Tkxt*fio. 4. ()utlin<! iJiuj) of Poninhulnr India siiowing tho distribution of Generic, Subgcnoric 
and Spocifie divergent s among tho Puiiinsular isolates with Malayan affinities. 

Table 3 givt»K the inunber of iRolaie^ and the approximate percentage* 
of endt'inieity in c-aeli of the sections. 

In Tiihle 4 the degree of divergence (in perc entage.) of the isolates in each section 
is given. Under 'identical forms’ is given the percentage of isolates which are 
taxonomieally identical with the Assam Ilimalayaii and further eastern populations. 

As already stated, (he grt^atest amount of divergence and percentage of 
endemic’ity is met with in tlie southern division of the Western Ghats, It is evident 
that these forms would have been isolated for a considerably longer period than 
those found in the iiortluuTi parts of the Peninsula. Only very slight differentiation 
seems to have taken place along tlie Vindhya Satpura trend, for a greater part of 
the species are taxonomieally identical with the Eastern Himalayan and further 
eastern populations. The distribution of forms like Amblyceps^ Laguvia^ Labeo 
dyocheiliiH^ Labeo dero, (iana gotyla^ etc., along this trend, but absent in the 
Peninsula propi^r, indicate that thcjy arc recent isolates and probably represent the 
last phases of migration. 


♦ Tho porcontago is calculated from the total number of Peninsular isolates considered 
hero which number 47. 
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Tabi^e 3. 




Vindhya-Satpuras. 

Western Qhats. 

No. 

Particulars. 

Damodar 

section. 

Riband 

section. 

Mahanadi 

section. 

Narbada- 

Tapti 

section. 

Northern 

division. 

Central 

division. 

Southern 

division. 

1 

Total mimbor of species in each 
section 

8 

■ 

9 

3 

12 

22 

16 

2 

Number of truly endemic species . . 

1 

1 

1 


4 

5 

7 

3 

• 

Percentage of species in each section 
as compared to the total number 
of Peninsular Isolates 

17-02 

14-89 

19-14 

H-38 

26-53 

46-8 

34-04 

4 

Percentage of ondeniiciiy in each 
section as compared to the total 
number of Peninsular Isolates . . 

2^12 

2-12 

2-12 

. . i 

8-51 

Ki-Oa 

14*89 


Table 4. 


% 

Loadilics. 

No. in each 
section tk 
percentage. 

Generic 

divergence. 

Subgeneric 

divergence. 

Specific 

divergence. 

Subspecific 
or racial 
divergence. 

Idmtical 

forms. 

DAMODAK SKGTION . . 

Number 


. . 

, . 

1 

7 

Percentage 




12-6 

87-5 

KIHAND SECTION 

Number 




1 

6 

Percentage 




14-3 

85-7 

MAHANADI SECTION . . 

Number 

• • 


•• 

1 

8 

Percentage 




IM 

88-9 

NARBADA-TAPTI SECTION 

Number 


-- 


B 

3 

Percentage 

•• 

-• 


■ 

100 

NORTHERN DIVISION 

Number 

1 

3 

4 

2 

2 

Percentage 

8*33 

25 

33-3 

16-66 

16*66 

CENTRAL DIVISION . . 

Number 

1 

■Bl 

6 

■1 

4 

Percentage 

4-54 

18-18 

27-27 

31-81 

18-18 

SOUTHERN DIVISION 

Number 

3 

1 

■1 

IKI' 

1 

Percentage 

18-75 


48-75 

25 

6-26 
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The taxonomic assessment of the species show that, both in Peninsnlar ln<Ua 
anti Burma anti further east, subspecific and rimial divergences of Polytypic ^oies 
such as, Bulilora hrucei, Pnvtiua mrana, Puntius ticto, and Silurus berdmorei have 
taktui place on almost similar lines. These, in addition to the occurrenoe of species, 
such as, (-'lariaa duaauviieri, Bataaio travancoria, Qagata itchkeea, etc., which may 
be components of different super-species give us some idea as to the probable source 
frt>m which the Peninsular Isolates were derived. 


Factors facilitatino fast-bate of speciation amoko the 
Peninsular Isolates. 

Geographical isolation is recognised as a factor of prime importance in the 
prot'ess of evolui.ioiiary divergence. In addition to this, other agents have also 
been at work, aiding rapid siMJciation among the Peninsular Isolates. The most 
imjjortant of these are : 

(1) The climatic fluctuations during the Pleistocene, and 

(2) Changes in the physiography of the Peninsula during the Pleistocene 

and conHctjuent effects. 

B<»th favourable and tinfav'otirable climatic phases prevailed throu^out the 
Peninsula during tin- I’leistocenc. The increased glaciation of the Himalayas 
during the Ice-Age considerably lessened the temperature in the Peninsula and as 
a result more moist cotulitions prevailed. Conse(iuently, during the ‘Pluvial 
Peri<Kls’ there wa.s an tminterrupted greater flow of water in the streams and rivers. 
Siiceeeflirjg arid climatic phases rev'ersed these conditions and these fluctuations 
w'ould hav<i also a(lverH<-ly affected the fauna. So far as fish life is concerned, 
(icrtain physiographic barriers became negotiable during the ‘Pluvial Periods’ and 
the ‘Arid i’eriorls’ isolated faunas on liill tops, thus inducing rapid speciation. 

Further imjndus to the rate of speciation was added when as a result of scrap- 
faulting along the West Coast, the tilting of the Peninsula took place. This tilting 
not only reversed the drainage system, but rejuvenated the streams of the Western 
Gliats. Such recent and subrecent rejuvenation of tributary streams is known 
along the Himalayas as a r«‘sult of intermittent uplift during recent periods. 
Chibber (1941), p. 29), had adduced evidence to show that during recent and sub- 
recent peruxis there wore earth movements which rejuvenated the Himalayan 
streams several times when their vertical corrosion had been stopped. That similar 
rejuvenation of the streams woukl have taken place in the Peninsula during the 
Pleistocene after the tilting is well exemplified by Wadia’s account (Wadia, 1944, 
p. 17) about the irregularities of the ‘curve of erosion’ of the Peninsular rivers 
caused by late earth movements. He observed : 

‘ It cannot be said, however, that the channels are wholly firee from aU 
irregularities, for, some of them do show very abrupt irregularities of the nature 
of Falls. Among the best known water-falls of South India are, the Siva- 
stimudram falls of the Cauvery m Mysore, which has a height of about 300 feet, 
the Gokak falls of the river of that name in Belgaum district, which are 180 
feet in height; the ‘Dhmandhar’ or the falls of the Narbada at Jabalpur, in 
which though the fall is only 30 feet, the volume of water is large. The most 
impressive and best known of waterfalls of India are the Ghrsoppa Falls of 
the river Sharavati in North Kanara, where the river is precipitated over a 
ledge of the Western Ghats to a depth of 860 feet in one single fall. The Yenna 
falls of the Mahableshwar hills descend 600 feet below in one leap, while the 
falls of Paikara in the Nil^ Hills descend less steeply in a series of 
five cataracts over the gpeissio precipice. Indeed, it may be said that such 
falls are more characteristic of Peninsular than extra-Peninsular and 

bear evidence of some minor disturbances in a late geologioal age. * 

6b 
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Whether the tilting of the Peninsula took place as a result of a single 
disturbance or whether it was intermittent is not definitely known. Whatever 
may be the case, it would seem that the stock which reached the Penitisula prior 
to the tilting, or the ‘Pre-tilt forms’ underwent the greatest amount of divergence, 
while the ‘Post-tilt fwms’ have differentiated only slightly from the parent stock. 
It will also be seen that the greatest divergence is found in the extreme south of 
the Peninsula and to reach that distance these isolates must have reached the 
Peninsula at a much earlier age than the others. Secondly the divergence is much 
more marked in the hUl-si^eam forms which were rejuvenated by the physic^aphio 
changes of the Peninsula during the Pleistocene. 

Pbobable seqvenob of miobation. 

Of the ‘ Pre-tilt forms the earliest to reach the Peninsula would have been 
genera like Pwntiits, Tor, Garra, HomcUoptera, Lepidopygopsis, Nemachilua, 
Olyptothorax, SUurus, Pneudobagrv/t, Clarias, Pri/ttolepis, Amphipnons, etc. Their 
migration to the Peninsula would not have been later than the earliest Pluvial 
Period during the Lower Pleistocene. In fact, part of the original stock would 
have come at a still earlier date. Of the above genera, Puntius, Tor, Oarra, Nema- 
chilus and Clarias are found in Ceylon and they extend as far west as Africa. Since 
its first severance from India during the late Miocene, Ceylon was intermittently 
connected to the mainland at different times (Jacob, 1949, p. 341). Its last 
complete disruption from the mainland took place only about 10,000 years back. 
This being the case, former temporary land coimections with the mainland during 
the ‘Pluvial Periods’, when the sea-level fell, would have enabled the migration of 
the Peninsular species to Ceylon as well as to Africa. 

Uomaloptera has not so far been recorded from Ceylon. I have elsewhere 
discussed the distributional significance of this form in Peninsular India (Silas, 
1961). Prom the Homaloptera-stock which reached the Peninsula during the early 
‘Pluvial Period’, were evolved at a later date two other genera, namely, Bhamnia 
and Travancoria. This divergence would have taken place consequent to the 
tilting of the Peninsula which dated probably not later than the earlier part of the 
Middle Pleistocene. 

The distribution of the genus SUurus is interesting, for at present it is known 
to occur in China and along the Trans-Himalayan portion to Asia Minor and Eastern 
Europe. In the south it has spread to the Eastern Himalayas and to the Peninsula, 
its westward spread along the Trans-Himalayas would have been of a much earlier 
date than its migration to Peninsular India. The continuous Narbada-Tapti River 
of the early Pleistocene which probably drained places as far east as the Assam 
Hills would have helped in the migration of this form to the Peninsula. 

The Sohisfothoracine genus Jjepidopygopsis of the Penin.sula has its nearest 
allies in Schizothorax and Oreinus of the Himalayas and South China. The former 
to which it evinces greater affinity was probably a widespread genus in the early- 
Pleistocene Narbada-Tapti River, thus extending to the Peninsula in past ages. 
On account of long isolation it has evolved into a new genus in the Peninsula, but 
probably due to lack of large mountain rivers in the Western Ghats has disappeared 
from the intervening areas. 

The spread of Psettddbagrus from Southern China to the Peninsula would have 
been aided considerably by the ancient Narbada-Tapti River. 

Forms like, Oateochilus, SchisnuUorhynchus, Rohtee, Labeo (Morulins), Batasio, 
Sikmia, Neotropius, and Tetraodon, would have reached the Peninsula later, 
probably during the later part of the Lower Pleistocene. They have spread to the 
north, central and even southern divisions of the Western Ghats. The early- 
Heistooene Narbada-Tapti would have also facilitated the migration of these forms 
to the Peninsula. 
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Tlio main tilting of the Peninsula seems to have taken place after their advent. 
From the distribution of fishes it would seem that this geological ev«it took place 
probably not later than the earlier part of the middle-Pleistocene. The *PPe-tilt 
forms’ have, generally rliverged considerably. The earliest ‘Post-tilt forms’ would 
have been species like, Bnlitora brucei, Silurus berdmorei, Thynnichthys, etc. Mostly 
ra<‘iai or subspeeific divergence is seen in these forms. Special mention must be 
mad*' of t h<! (listributitm of ThynnichihyK. Though it has only specifically diverged 
in Peninsular India, the genua as such is an old one. Fossil specimens of Thifn- 
nichthifu have been reported from the Eocene deposits of Java. Thynnichthys 
nandUiol is found in the northern division of the Western Ghats, and as such its 
spread to the Pcininsula wouM seem to be of a more recent date. Thynnichthys, 
liki-, t^chmnaforhynchiis, (hteochilus, Hornaloptera, etc., indicates that the spread 
(»f fcht's*! forms from the n^gion of Southern China to the Malayan region was much 
faster an<l unintemipte*! than its spread to Peninsular Tndia. 

Tluf differentiati<in of OMcofmnna cotio, hJiUropiichthys goongwaree, etc., would 
not have li(*<(n earlier than the upptT- Pleistocene. As already stated {vide supra 
p. 442) the distriliution of At/ihlyreps, Laguvia, Erislhistoides, Tor mosal, Psilorhyn 
chiis Aumiio, (fitrra gotyln, etc., along the \'indhya .Satpnra trend, but absent in the 
Peuinsiila pr(»por, indiwites that they represent the last phases of migration. 


Summary. 

Tfi conncciit»n with Satpura TTypcftheHis, Mayr {he. ciV.), eortain lines 

of npjiniarh to (h(* problem, one of tliom hcin>?, a closo taxonomic study f>f the Peninsular sjjoeies 
Hhowinj; Malnytni aflinities. and an analysis of their different lov(‘ls of evolutionary divei’gc'ncos, 
Tn this arti'lo, the taxonomic Htutu.s of certain forms like Rohtec Sykes, PtniHiW ticto Ham., 
Onteohruma H<u*kel, Silofiin SwniriMon, SUunm hinnaous, (lariftn Oronovius, and Priatolepis 
Jerdon, wliich ntH'ded further clarification, is elucidated. A eomj)l»*te list of tho important 
Penin.Mular Isolates witli their ('sstem afTlnifieH is /;^m‘n. Migration of torrential fislies from the 
rejxion of tho KuHtt'rn Hiinalayfis ncn>Ks the (taro-Knjnmhfil (lap was possible during tho ‘Pluvial 
Periocls’ of tho Phustoi (me, wliiih eoincided with tho Olaiial epoehs of the north. During 
these <*ol(l phases there was a |.:#»neral droj) in tho soa-hnel, but subsequent in soa-level during 
the ‘Arid Periods’ (vvhi<'h wouUl liave corresponded with (he Interglaeinls) temporarily checked 
migration and thus isolated l ertain foims. 'Phe continuous Narboda-Tapti Kiver of the oarly 
Pleistocono would have' also ( onsidcrably h€d])od in tho dispersal of forms to tho Peninsula from 
the east. 

Tho H<Tap faulting of tho West (^Jast and tlio tilting of tho Peninsula during tho Pleistocono 
reversed the <lrainage system and also rejuvenated the streams and rivers. Tliis, in addition 
to tho cUmatir* fluctuations gave sutTicient imp<?tuR for rapid speciation among the Peninsular 
Isolates. The * Pro-tilt harms’ diverged most, while the ‘Post-tilt forms* have only slightly 
diverged from tho parc-nt stock, Kndt'iuicity and tlio degree of divergence is most pronounced 
in tho oxlremo southern sei tion (»f the Western Ghats. A gradual decrease is seen as one goes 
up along tho Gluits and then tla^ Vindhya Satpura trend of mountains. High endemicity is a 
clear proof of the longer isolation of tlie hirnis tho Peninsula. Tho divergence is greatest in 
the spta tfvs found in the liill-streanis which in turn rejuvenated by the physiographic changes 
of tho Peninsula dtiring the Pleistocono. Tho probable sequence of migration of these forms 
aro also dealt with in the last 8<H!tion. 
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Introbuction. 

This paper deals with the study of the relationship between the furcal length * 
and weight of the Indian Cyprinids Caila catla (Ham.), Cirrhina mrigala (Ham.) 
and Labeo rohita (Ham.). The main object here has been to derive appropriate 
mathematical formulae, correlating the two variables length and weight, in a very 
general manner, for calculating one from the other within a certain range of error. 
The related issue of ‘condition’ of fish has not been touched in this study. In 
view of the object of this paper, mentioned above, an extensive size range, for each 
species, has been included in this study; collections from diflTerent localities wore 
taken; the sex factor was not reckoned as also the gonadial condition and gut 
contents. The material is, therefore, heterogeneous. It is recognised that a single 
general value of n in the general length-weight equation: W — cL* (see ‘Historical’) 
not only does not apply for all length of fish with uniform accuracy, but fluctuates 
from habitat to habitat. The former general fact which has been elucidated by 
Clark (1928), Walford (1932) and Schultz (1933) for other species has also been 
indicated in the present study. In the present work, however, only single general 
values of c and n have been derived. The fluctuations of these factors will be 
worked out in a separate paper as soon as additional data from varying habitats 
are compiled. 

Historical. 

Ever since Herbert Spencer first enunciated the ‘cube law’ in 1871 its 
application to fish measurements has been carried out by numerous workers. 


* Published with the kind ]>enni8sion of the Chief Research Officer, Central Inland Fisheries 
Research Station, Barrackpore. 

• The expression furcal length denotes the length of the fish between the anterior extremity 
of the snout and the point where the caudal fin bifurcates. This has been choswi in place of 
total length or standard length because the former is often vitiated by wear and tear and the 
latter though very relteble and accurate is difficult to ascertain by external e xamina tion. 
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According to this law the weight of a fish equals the cube of the le^h times a 
constant. Symbolically it is expressed as: IF = oi*, where W — Weight, L — 
Icntrth and a = constant. This relationship assumes a constancy ot form a,nd 
siiccific gravity on the part of the fish. Keibisch (1908) found no. ap^eciable 
seaHonal variation in the 8|)ecit]c gravity of the plaice. (19^8) etated that 

there can be little change in the specific gravity of the fish so long as it remains in 
the same environment. During the earlier investigations on the apphcability of 
the ‘cube law’ to fish, beginning with Hensen in 1899, the eonstant o was fouiid to 
fluctuate and Heincke, in 1!M)8, proposetl the use of this factor as an index of the 
well-being of fish. This factor has been variously termed as coefficient of condition, 
condition, length-weight factor, etc. Crozier and Height (1913) and Hecht (1916) 
found the cuIhj law applicable to the fishes they investigated, but these instanws 
appear to bo excejitions rather than the rule, hulton, in 1904, showed the 
imidequacy of the ‘cube law’ in describing the Icngtli-weight relationship of fishes. 
In recent years a much more satisfactory way of describing the length-w^eight 
relationship of fishes has b«“en »levelo}>ed through the use of a more general 
equation: W e/.", where 11 = Weight, A -- Ijcngth and c and » ^ constants. 

The values of r and the e.xponent h are determinable empiricfilly. Such a relation- 
ship has beem w<trked by a host of workers on different fishes who, among others, 
include darvi (1920), Tjiirin (1927), Clark (1928), Keys (1928), Fraser (1931), Hart 
(1931 and 1932), Tester (1932), Walford (1932), Shultz (1933), Hile (1936 and 1941), 
Hile and .lobes (1940 and 1941), Foerster (1936), Van Oosten (1942), Beckman 
(1942 and I94r)), Deason and Hile (1944), ami Jobes (1946 and 1947). Most of the 
above stated authors, besides det(‘rmining the length-weight relationship of the 
fish they inv<i8tigated, have also determined the condition factor of the fish. ^ A 
groit deal of confusion app«‘ar8 to have arisen in describing the condition of a fish 
and the expression of the length-w'eight relationsliip. Hile (193b, page 240) has 
thrown light by elaborjvting tipon the theme ‘coefficients base*! on empirical 
exponents fail to ri'fleet differences in form or relative hca\ines8 while those based 
on cuIk) relationship offer a direct measure of relative heaviness independent of 
general hmgth-w'cight relationship and comparable as measures of relative heaviness 
betw'een fish of any length’. 

In India very little work has been done on the length-weight relationship of 
different 8|)eeie8 ()f fish ami this is mainly on Mahseer Barhvs (Tor) pvtitora (Ham.) 
for which Lacey and Cretin (190.'>) and ’freven (1926) have advanced some formulae. 
The formula montione<l by Lacey ami Cretin is : 

Length ami one-third lengt.h X girth squared in inches _ . 

iTido “ 

According to the latter authority 1 \ length of the fish multiplied by the square 
of the girth in inches and divided by l,(KKf gives the weight of the fish in pounds. 
Hamid Khan and Hus.sain (1946) studied the length- weight relationship of Labeo 
rohita and Cirrhina mrigala from the departmental fish farm at Chhenawan, Punjab, 
India. His conclusions arc that the weight (in chhataks) ^ of these fish can be known 
at a certain length (in cm.) by mtiltijdying the cube of the length with the weight- 
length factor, w'hich are : 

( 1 ) Lat>eo rohita . . . . -000238 

(2) Cirrhina mrigoja . . *000180 

Matebial and Methods. 

The specimens studied include those from natural unfertilised waters like 
rivers and canals and from untreated tanka and ponds. Specimens of CcUla catla 


^ A chhatak = about 2 oz. 
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smaller than 129*6 mm., of Cirrhina mrigala smaller than 133 mm. and of Labeo 
rohita smaller than 176 mm., each in furoal length, for this study, were secured from 
the Moat at Cuttack, in Autumn and Winter of 1949 and in Spring of 1960, Those 
of CaUa catla larger than 129*5 mm., of Cirrhina mrigala larger than 133 mm. and 
of Labeo rohUa larger than 176 mm. were mostly got from Tank No. 3 at Jobra, 
Cuttack in Winter, 1949. Some of the specimens of Cirrhina mrigala and Labeo 
rohita larger than 133 and 176 millimetres respectively were secured in part from 
one of the Pulta Water Works settling tanks and in part from other sources like 
the Ganges at Dhulian Ganges in Murshidabad District, West Bengal. No 
specimen of Caila aUh, came from either of the latter sources. 

The Moat at Cuttack is a canal encircling the old fort, about 3/4ths of a mile 
long and about 60 feet wide. It is fed by the river Mahanadi. It was stocked 
with major carp fry for the first time in summer, 1949. Prior to then it was an 
unutilised piece of water. Tank number 3 at Jobra, Cuttack, is one of the nine 
tanks existing there for a long time and contained fish stocked from a variety of 
sources during the past three or four years. 

The measurements of the fish given in this paper w'ere made on the usual 
nsh-measuring board, divided into millimetres. The fish captured from the Moat, 
Cuttack, were preserved in 5% formalin in the field. They were subsequently 
dried for half a minute in the folds of a blotting paper, and then measured and 
weighed on a platform balance to the nearest 1/lOth of a gram. Fish longer than 
100 mm. in furcal length were weighed fresh either with a spring balance or on 
a platform balance. No allowance for shrinkage was made in the case of fish 
pre.served in formalin. The calculated values of weights were rounded at the first 
decimal place. 

Correlation tables were used throughout this study for the calculation of 
various factors necessary for the expression of length-weight relationship. Length 
was used as the type and weight as the array. The equation adopted in all the 
three cases was that of the general parabola : W — cL", explained under the heading 
entitled ‘Historical’ in this paper. Tliis equation when expre.s8ed in logarithmic 
form becomes: Log W — Log c+ii T^og L, which when graphically reiuesented 
assumes a linear form. The values of c and n were determined empirically. In 
the absence of a calculating machine coding had to be resorted to. The following 
formulae (Simpson & Roe, 1939) were used to determine the exponents : 

1. log G = M^—(n) Mg where iff, — mean of y and Mg mean of x, and 


2. n 


r where r — coefficient of correlation, 

oTy = standard deviation of y, and 
Gg — standard deviation of x 


c'l 

iV (a,, a,) 


Gg (or a,) = 


iv3pn^. 

N 


where » = the class interval 

dA — deviation of assumed mean in terms of class 
interval and 

Cl = difference between mean and assumed mean in 
terms of class interval. 

The details of calculations are not given, being of a routine nature and 
well known. 
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LBNOTH-WBIOMT BKLATION8HIP OF CotUl Cotla (HaM.). 

The data on Catla ceUla conaisted of measurements of 172 specimens ranging 
in furcal length from 41 mm. to 406 mm. and in weight from 1-6 to 1,672-626 
gm. The formula correlating length and weight 4 of this species is given below: 

Weight =0-8917 xlO-»xLength»-»M»* 

The logarithmic form of the above equation is: 

ry>g Weight = -5-()4976l77242 +3 16172 Log Length 

The cooflicieiit of correlation between the log length and log weight is 0-988. 
7’he atandard error of estimate in terms of logs is ±0-09416. Figure 1 pre^ts the 
directly oiwerved length and weight values on an ordinary arithmetic grid. The 
curve shown in thi.s figiire corresponds to the equation specific for Catla catla given 
above. 

liENOTH-wEioHT BELATiONSiiip OF Cirrhitta mrigala (Ham.). 

The <lata on (Hrrhina mrigala consisted of measurements of 347 specimens 
ranging in furcal length from 46 mm. to 790 mm. and in weight /rom 1-2 gm. to 
7,127-676 gm. The formula c<)rrelating length and weight of this species has been 
found to be : 

Weight = 1-196x10-6 x Length^-o^^ssa 

The logarithmic form of the above equation is: 

I^g W«-ight = -4-922212022+3-0248362 Log Length 

The coeflicient t»f correlation between the log length and log weight is 0-992 
and the standard error of estimate in terms of logs is ±0-0754. Figures 2 and 3 
show the observed length and weight values. The curves drawn in these figures 
are in accordance to the formula given above. 

liKNOTH-WEIOHT BELATIONSHIP OF LobeO rohita (HaM.). 

The «lata on L. rohita consisted of observations on 276 specimens varying in 
furcal huigth from 60 mm. to 620 mm. and in weight from 2-0 gm. to 4,989-6 gm. 
The formula correlating length and weight of this species was determined to be: 
Weight - 1 -6.64 X 10-6 X Lengths 01400S8 

The logarithmic form of the above equation is : 

L>g Weight = -4-80836464486+3-0140028 Log Length 

The c<Kiftieiont of correlation between log length and log weight is 0-994 and 
the standard error of estimate in terms of logs is ±0-0739. Figure 4 shows a plot 
of observed weights against the observed length values. The curve drawn in this 
figure is in accordance with the equation derived for iMbeo rohita. 

CtBNBKAL Remarks. 

The reliability of the equations derived in this paper would be seen to be high 
from the coefficient of correlation values in all the three cases. 

It is seen in Figure 1 that the weight values of Catla catla correspon din g to the 
length values ranging from 80 mm. to 120 mm. have a tendency to group below the 
line of calculated weights. The reverse tendency for wei^t values to exceed those 
calculated is discernible at the size range, 120 mm. to 160 mm., as is seen in Figure 
1, The trend for observed weight values to concentrate above the line in the ease 
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of Cirrhina mrigala is seen opposite the furosl length range, 60 mm. to 97 mm., in 
Figure 2. The trend in the opposite direction in the case of this species is seen 
olearly against the length range 116 mm. to 138 mm. In the case of Labeo rohita 
there appears to be a poor agreement between recorded weights for fish larger than 
490 mm. as is seen in Figure 4, the observed weight values generally exceeding the 
calculated ones. All these observations appear to indicate that single values of 
e and n do not hold for the entire size range of iish. Similar trends have been 
pointed out in the case of the California Sardine caenilea, by Clark (1928). Walford 
(1932) and Schultz (1933) have also indicated similar trends in the cases of California 
Barracuda, Sphraena argentia and Athrinope affinis oregonia respectively. In order 
to elucidate this point in the cases of fishes reported upon in the present pa^r a 
greater mass of data is required for those size ranges where the calculated weights 
do not hold in a general manner. These points will be dealt with as soon as more 
data is available. 

It is evident from the values of the exponents n in the general length-weight 
equation; W = Cl", that Catla catla departs most from the ‘cube law’. Next in 
the sequence is Cirrhina mrigala and finally comes Laheo rohita, wliich departs 
least from the ‘ cube law ’. 

For the sake^of comparison of relative weights of the three major carps atudie<l, 
weights of the three species for 100, 200, 3(M), 400 and 600 millimetres furcal lengths 
have been calculated and are presented in Table I. Figure 5 gives the graphic 
representation of the same data for all the three species of Indian carps. 


Tabmi I. 

Weighia of the three tnajor carpa of a few aclected lengths. 


Furoal Length in mm. 


Weight in grams. 


Catla catla. 

Labeo rohita. 

Cirrhina mri>gala. 

100 

17-9 

16-6 

13-4 

200 

159*4 

134-0 

109-2 

300 

672-0 

464-6 

371-9 

400 

1,417-0 

1,081-0 

889-2 

600 

2,863-0 

2,119-0 

1,746-0 


The comparative increase in weight as compared to length is, therefore, most in 
Catla catla, next in Labeo rohita and least in Cirrhina mrigala. It may be recorded 
that Hamid Khan and Hussain (1946) also found that length for length Lt^eo rohita 
is heavier than Cirrhina mrigOla. This paper, therefore, confirms Hamid Khan’s 
observations in this respect. These authors, however, did not empirically determine 
the value of a in the general length-weight equation and stated that the weights of 
Labeo rohUa and Cirrhina mrigala tend to increase approximately to the cube of the 
length. This paper gives the exact values of the exponents of L in the three species 
of major carps studied in the general formula : W — cL". The ‘ cube law’ is clearly 
an obsolete conception in describing the length-weight relationship of fishes. Hamid 
Khan used total length as the measure of fish length. In the present study, 
however, furcal lengths were used and hence the results are not comparable. 
necessary to work out conversion factors between the different fish lengtM 
commonly used in fisheries work before the data gathered on different length 
measures can be mutually compared. 
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Summary. 

1. AnJilysis of 172 Hpociinniifl f>f (Uitla mfla, ranging in furoal longth from 41 mm. to 
405 imn. shows fliat tho O^rnnila, corrolating length with weight, spocilic for this fish within 
this sizo rung*' is: 

VV'^i'ight 0*89i7 X x Longth**!^^^* w^hioli in logarithmic form4s: 

Log VVoight .. - r)-(»407«l77242-h 3*15172 Log Length. 

Tho standard orrur of <vstijnato in torrns of logs is ^0*09425. 

2. Analysis of 317 Hpocimnns of Cirrhina ynriffaUi, ranging in fiirral h*ngth from 46 mm. 
t<» 790 nun. shows that tho formula, onrrolating length witli weight, Bpoeitic for this fish within 
this size range is: 

Weight ^ - 1*1% X 10 -f» X Length* •®*^*®* whieh in logarithmic form is: 

Log Weight -4*922212022 f 3*0248352 Log Length. 

Tho standard error c»f estimate in terms of logs is 0*0754, 

3. Analysis of 275 spt'cimens of Lahro rohitn, ranging in fungal length from 50 mm. to 
620 inm. .shows (hat the foririula, correlating length witli weight, spcMufic for this fisli within 
this si/e range is: 

Weight «-i 1*554 X x Length*-®!^®®*®, which in logaritlimic form is: 

Log Weight -4*808364644854-3*0149928 Log Length. 

Tho standard error of estimate in terms of logs is 0*0739. 

4. The coeni< ients of correlation between log length and log w'oight of Caila cafla^ Cirrhina 
mritfala and Labeo rohita are : 0-988, 0*092 and 0*994 respectively. The high values of correlation 
coelllcient shows that the reliability of the equations derived in this report is high. 

5. Single values of c and n in the general length -weight equation, Weight = c Length^ 
do not appear to hold good for the entire length range of fish witli imifoim accuracy, 

6. Catla ctitln departs most from the ‘cube law^’. Cirrhifta mrigala eomos next and Labco 
rohita stands last in this respect, deviating least from tho ‘cube law*. 

7. In tho order of heaviness Catla catla comes first, next is La6eo rohita and last is Cirrhina 
mrigala. 
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ADIABATIC PULSATIONS OF A PARTICULAR MODEL OF THE 
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{Received October 16, 1951 ; read January 1, 1952.) 

Introduction. 

Eddington, Edgar (1933), Schwartzschild (1941) and others have considered 
the modes of small radial adiabatic oscillations of the standard model (Poljrtrope 
of index 3). Eddington’s results show a period of oscillation which is short of 
the observed value by a factor near about 2. This fact points to the lower central 
concentration in actual Cepheids than the one given by the standard polytrope. 

After this people tried diiferent laws of variation of density. Dr. Sterne (1937) 
considered the small radial adiabatic oscillations for the following three models: 

(1) The homogeneous density distribution throughout the star. 

(2) A model in which the density varies inversely as the square of the 

distance from the centre of the star. 

(3) A model with nearly all the mass concentrated at the centre and in the 

rest of the star the density varies inversely as the square of the 
distance from the centre. 

Very recently Professor A. C. Banerji (1942) has given an entirely new and 
very interesting theory of the origin of solar system based on the instability of 
large radial oscillations of the following two models: 

(1) The star with homogeneous density distribution. 

(2) The star with small homogeneous core and the density in the envelope 

varying inversely as the p-th power of the distance from the centre, 
where p is any positive integer excluding 1 and 3. 

This work of Prof. Banerji is very important as it throws an important light 
on the density concentration in the Cepheid variables. Dr. H. K. Sen (1942) also 
considered the stability of radial oscillations of similar models. 

In the models where density varies inversely as some power of the distance 
from the centre we have singularity at the centre. To avoid this Prof. Banerji 
took a small central core. Another way to do it was to take the law for variation 

of density as po = where the notations have their usual meaning. 

Analytically the approximate solutions of the pulsation equation could be obtained 
(1949) only for n =2, for which the model was found to be stable. 

l^owing that the model is stable for homogeneous density distribution and 

1 » it can very well be expected that for the law 

p 0 = must be stable. The author has considered this model 

and found correct to our expectation. 


doo for the law po 


= 4 
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EqwUims of the problem . — The differential equation few small adiabatic radial 
oscillations of a star as obtained by Eddington is 




whore 


8 r >/ V *«* 

r- = « » 

^0 

Y 

_ 9oPol>'o 


and r 0 , p^, P©, (/©i are the equilibrium values of the distance from the centre, density, 
pressure and gravity at a point. Here the boundary conditions are 


8P = ,-yP© (sf+r© = 0 »'o * -R. 


and ( is finite everywhere in the region 0 < r < P 
For this model putting a; ^ we have 

P©“/>«(1“®)» 

fff, = 4irOpBx(^ — j), . . 


ffo = 4wOp^Rx Q — 


Substituting these values in (1) we get 


whore 


a:(l~a:)(6+10x-9a!*) ^+(20+20a:-124a:*+72a;«) ^ 
OX* ax 

+ {/— 12a(4— 3a:)}a:f «a0, . 




The equation (9) has singularities at ar =0 and a; = 1 . We have to find the 
solution which is finite in the region 0 < a; < 1 . 

If we substitute the series 




.. ( 11 ) 


in (9) we find that the roots of the indicial equation are zero and ~3. To satisfy 
the physical conditions of the problem we have to choose the former one. The 
recurrence formula for the coefficients of the series is 

(9n»+27n-90+36«)o,.,-(19n*+«7n-86-/+48«)<i,.i 

+(5n*+15n)aH4’S(n*+6n+4)aa,,.i » 0. . . (12) 
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N -*-00 ®« 

we find that this limit { will be the root of the equation 

9 - 191 + 61 «+ 61»«=0 ( 18 ) 

Obviously its roots are 1 , 0*7 and — 2*7. For i = 1 and -2-7 the series will be 
divergent. Only for I — 0-7 it will be convergent. But the difficulty here comes 
in is how to get that value of / for which the limit is 0*7. This difficulty is overcome 
by Rayleigh'Bitz method ( 1941 ) for finduig the approximate period for any 
oscillatory stellar model. After getting the approximate value of /, the pulsation 
equation has been integrated numerically to see actually if the amplitude remams 
finite throughout the star and also at the surface. 

Process of integration : 


Putting 



f 72*» - 124»* + 20*4- 20 . 



J *(l-»)(6+10»-9«*) “* 

> • • • • • • 

(14) 

the differential equation reduces to 


• 



(16) 

where 


. ^ /--48a+36ax 

60+ 160x-780x*~920x»+2376x4-972x» 

(16) 

(l-x)(6+10x-9x*) 

x*(l — x)(6+10x-- 9x*)* 

Equation (14) gives 

^x»(l -x) V6+10x-9x* 


V sat 

(17) 

Put (15) in the form 




F(x), 

(18) 


where 

f60+160x-780x«-920x*+2376x*-972x» 


F{z) m ^x«(l -X) Vs + 10x-9x* 


( x*(l-x)(6+10x-9x»)* 



/— 48«+36ocx ) 

(l-x)(6+10x-9x«)r •• 

(19) 


To solve the equation (18) we apply Adam’s method of integration as sketched 
by Von Zeipel in one of his papers (1924). Here the equidistant intervals were 
taken for x at a distance 0*02 (w = 0*02). The difference formula 


lP'(n«) « »«f'(n«)+^F'(n«)-^F‘’(ne») (20) 

helps us to integrate the equation (18) leading successively to the knowledge of the 
values of !F(x) for x = (»-1-1)«b, (n-f-2)«», (n+3)«u, (n-|-4)«>, . . etc. 

Here o* being very small we neglected the difference F^^{npt) and by the process 

o£ extrapolation an approximate value of ~ F'inw) was obtained. By method 

of checking a more accurate value of F*{n«) was found. Hence the value of 

V(nm) was calculated with the knowledge of V (n— la>) determined previously. 
Ckmsequently the values of the amplitude were also calculated. These values are 
given in tiie table as { and V for two values off (/ = 13*2 and/ == 13*3). 
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Tabue. 



Fur / 13* 

2 

For/ 13-3 

^0 

21 ii.n 

H 

^ - 

(K 


1 

f/o. 


(1—05) JfS 10» — da?^ 

1 ^»*(l-*)V6-f 10jr-«te* 


0‘0 

1 

0*0 

1 

002 

o-0O( 8936060 

1-00012164 

0*0008936969 

1-00U12C86 

0(!i 

0(J03f>66278 

1 -000474985 

0-003566262 

1-00047184 

006 

0-00790314 

1-00104482 

0*007993087 

1-0010378 

0*08 

0 0l4l362r) 

1*00181845 

0*01413507 

1*001806 

0*10 

0*02194038 

1 -0027855 

0*02193996 

1 002766 

0 12 

! 0 03134454 

1-0039436 

0-03134367 

1*00391524 

014 

0-04227641 

1-00636267 

0-042274803 

1-006324083 

0l« 

0-0646862 

1 -0076337 

0*05468351 

1*0075834 

OlH 

0*0(>844r>54 

1 -0098323 

0 068441 167 

1*0097676 

0-20 

0-08344842 

1*0 12(081 

U0834418 

1-01192796 

0-22 

0-099584507 

1-014231 

0*09957493 

1*014134 

0*24 

0-11673626 

1-016309 

0*11672286 

1*01619 

0-26 

0-13477920 

1*018959 

0*13476106 

1*018822 

0-28 

(015358292 

1-021496 

0-153568799 

1-0214016 

0-30 

0-17301099 

1-024162 1 

1 

0*17299967 

1*024095 

0-32 

0-19292197 

1-026963 

0*19291206 

1-0269106 

0*34 

0-2131696 

1-029899 

0-2131595 

1*029857 

0-36 

0-23360324 

1-03298 

0*2335912 

1 032933 

0-38 

0-254068324 

1-036214 

0-25406238 

1 036149 

O-JO 

O*2744(>068 

1-0395909 

0*27438465 

1*039507 

()-42 

0-29445696 

1-043123 

0-29442643 

1-043012 

0-44 


1 *046806 

0*31401324 

1*046667 

0-46 

0*333033973 

1-050649 

0-33297824 

1*060474 

0-48 

0*35122524 

1*054657 

0-35115241 

1*064438 

0-60 

0-368458186 

1*0688335 

0*36836494 

1 0685666 

0*62 

0-38456077 

1-0631809 

0*38444364 

1*062867 

0*54 

1 

0 -399360005 

1-0677077 

0-3992162 

1*0673206 

0-56 

0*4126821 

1-072418 

0-4126058 

1-071959 

0-58 

0*42435300 

1-0773194 

0-42414102 

1*0767813 
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(TABiji-~Coiitinued). 



For/« 13-2 

For/*- 13-3 

E 

y = 

f/o. 

*» 




^(l-»)78+10*-d** 

0-000 

0-0 

1 

0-0 

1 

0-60 

0-4341987 

1*082417 

0-4339468 

1-081789 

0-62 

0-4420466 

1-087722 

0-4417493 

1-086093 

0-04 

0-44772097 

1-093242 

0*4473757 

1-092309 

0-66 

0-45105334 

1*098983 , 

0-460666 

1-097972 

0-68 

• 

0-461873007 

1*104961 

0-46141695 

1-103843 

<>•70 


l*lin829 

0*449492 

1-109899 

0-72 

0-4453067 

1*117666 

0-44471923 

1-116191 

0-74 

0-43759433 

1*124418 

0-43693486 

1*122724 

0-76 

0*4207174 

1-131469 

0-4259817 

1 

1-129508 

0-78 

0-41252264 

1-138806 

0-4117063 

1-13654 

0-80 

0*3948615 

1*146482 

0*39395914 

1-143862 

0-82 

0*3735917 

M54496 

0-3726033 

1-151441 

0-84 

0-34867742 

1*1628887 

0-34760046 

1-1602969 

0*86 

0-319690388 

1*171689 

0-31862468 

1-167416 

0-88 

0-2868117 

1*18094 

0*28555855 

1-17578 

0-90 

0-24983002 

1*190689 

0-24849362 

M8432 

0-92 

0*20864556 

1-201022 

0*2072337 

1-192806 

0-94 

0-163170492 

1-212093 

0*161696887 

1-201147 

0-96 

0-113330443 

1*22432 

0-111818356 

1-207999 

0-98 

0-059064002 

1*239302 

0-05755772 

1*207697 

1-00 

0-0003196 

-f” 00 

-0-0010773 

— 00 


Conclusion. 

The value of ^ from the value 'Fix) is calculated by the equation (17) from wWch 
it is clear that at x = 1, ^ must tend to zero. But due to rough approximations 
it is impossible to get actually the value zero. Hence we see that for / = 13-2,_ F 
is positive at the surface giving f = +00 there, and for/ = 13'3 we get F{x) neg^ive 
nuLlring f = — oo. Hence we can quite safely conclude that the value off which 
will make ^ = 0 and consequently give a finite value for the displacement at the 
surface, must lie between these above two values. We therefore conclude that for 
the fimdamental mode the valde off satisfying the equation (9) and keeping ( fimte 
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at the surface is positive. Thus the radial oscillations for our model are proved to 
be stable. As we know that it is always the fundamental mode which becomes 
unstable first we can say in the present case that all the higher modes will also be 
stable. So we see here that the resiilts obtained do not betray our expectation 
that a stellar model which lies between two stable models must also be stable. 

The author considers it a great privilege to record his most respectful thanks 
to Prof, A. 0. Banerji, under whose guidance he has carried out the above 
investigation. 

Summary. 

Tho stability of a model in which the density varies in the interior of a star according to 

the law p 0 pj^l — . whore p^ is the density at any pointy p^ the deosity at the centre, the 

e<|uilibriuin value of the distance of the point from the centre and R the radius of the star, has 
been studied in this paper. It is found to be stable, and the period of oscillation and the ampli- 
tude ef displacement at the different points inside the star are obtained by numerical integration. 
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A NOTE ON THE TRANSITION FROM VISCOUS TO PERFECT 

FLUID FLOW 


By Db. N. L. Ohosh, Rtsenreh Feliow, NJ.S.I., Department of Applied Mathematics, 

Calcutta University. 

(Communicatred by Prof. N. R. Sen, F.N.I.) 

[Received May 2 ; read August /» 1952.) 

Intboduction. 

Ellegant solutions of the potential motion of a perfect fluid past a solid 
bbstacle have long been known. It is also well-known that the Navier-Stokes 
equations of motion of a viscous fluid reduce to the Eulerian equations of motion 
of a perfect fluid in the limit when p, the coefficient of viscosity, tends to zero. 
One might therefore ask if a viscous shear flow (p ^ 0) can reduce to a potential 
flow (for fi =® 0) in the limit when p ultimately vanishes. In other wor^, if we 
concieve of a series of similar flow-models with gradually diminishing viscosity, is 
it Ukely that for the fluids for which viscosity is vanishingly small the flow pattern 
is very nearly the stream-line perfect-fluid pattern of classical hydrodynamics! 
One prima facie objection seems to lie in the fact that the boundary conditions 
in the two oases are entirely (qualitatively) different and as such no such transition 
is obvious. 

It is being gradually realised that the impossibility of a continuous transition 
from the one type to the other through /x -»• 0 is a fact (Hpoff, 1960 ; Truesdell, 
1960) but the reason does not lie in the dUffercnce in the boundary conditions for 
the two cases. On the contrary the impossibility of the transition, except through 
the state of no motion, is inherent in the very nature of the Navier Stokes equa- 
tions. In the present note we have sought to establish this point, for the steady 
two-dimensional motion of a viscous incompressible fluid. 

ThB solutions OB THE TWO-DlinCNSIONAL NaYIBB-StOKBS EQUATIONS. 

The two-dimensional steady motion of a viscous incompressible fluid is repre- 
sented by 

= vVVi (1-1) 

where ^ stands for the stream- function and v represents the coefficient of kinematic 
viscosity, (pip). Using 

i = w (1-2) 

we write (1.1) as 

(1.1a) 

{ being i[x,y) in general, we can, for the moment, regard (1.1a) as a first order 
ffifferentiai equation in ^ and if 

ly£:0,/comb.f (1.3) 

obtain tire allied equation as 
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dy _ —dx d^ 


(1.4) 
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One obvious integral of tliis equation being 

{ s= const., (1.5) 

another integral of (1.4) is obtained as 


f y*C 

•“'J-r 

{ 3= const. 




( 1 . 6 ) 


where tht! inb’gration is carried along any curve { = const, (c). Now, it is well- 
known that the general solution for ^ is obtained by replacing the constant c by 
the variable. { aft<jr uitcgration and adding any arbitrary function of {. Thus, we 
have, generally, 

•!> = vUd, y)+i^(C) (1.7) 


(whore the meaiung of 17(J, y) is obvious) except in the case where {either vanishes 
or is a constant everywhere. [If {, = <>, we can write a similar integral in t(‘rms of 
{ and T.J Thus \v<( see that the solutions of the equation (1.1) fall into two 
diff(T<uit 8('t8. The first set corresponds to tin; two conditions represented by the 
equations (1.3) and (1.2) and relates to the cases Avhere the motion is either irrota- 
tional ({ = 0) or the vortieity is uniform throughout ({ = const.). 

The second set c< u responds tr» the two conditions represented by the equations 
(1.7) and (1.2) and relates to the cases where the vortieity is variable everywhere 
and is neitlwr /(to nor uniform over any finite region. Thus the two sets of 
solutions must be mutually exclusive. 

TS'^iw if w(' suppose that wc start with a motion represented by (1.7) [and, of 
coursr-, with (1.2)] and proceed to the limit wo shall naturally arrive at the 

type of motion represented by 


{= 


( 1 . 8 ) 


where { is neither a constant nf)r zero, but must be variable in every pfi^ of the 
fluid previously undergoing the second type of motion described above. 

Thus we conclude that a viscous shear flow with a non-uniform vortieity 
cannot reduce tt> a potential flow, or for the matter of that, a flow with uniform 
vortieity in the limit when /x, the cotfficient of viscosity tend to zero. 

It would be useful t<r point out that the solutions corresponding to the first set 
do not depend ixpon ^ explicitly and hence the question of taking such solutions to 
the limit p -► 0 does not arise. 


2. Tub Geomktrioal Analysis. 

It is possible to arrive at the same conclusion by making an explicit use of the 
condition of no-slip on the boundary. We shall illustrate this point by considering 
the case of a fixed circular cylinder in a flow where the velocity at infinity is U. 

Wc know, that in the case of a perfect fluid streaming past the circular cylinder 
r as a with the centre at origin the stream function is given by 

( 2 . 1 ) 

The stream-lines for the flow, are well-known, and the flow is characterised by the 
following features. 

(i) The stream-lines are symmetrical about both axes and the flow on the 
upper half of the z-y plane gives the flow on the lower half by its reflection on the 
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axis of X. Hence for the purpose of a description it is enou(^ to consider only the 
flow on the upper half. 



Fio. 1 


* (ii) At all points on the y-axis, v =s 0 and u changes continuously from its 
maximum value 217 on the surface of the body at C (Fig. 1) to 17 at infinity (O'), 
(iii) Supposing we follow the stream-line 0 = 0 (LACBL' in Fig. 1) from the 
point L{—oo, 0) to the point L'(+oo, 0), u diminishes continuously from 17 at --oo 
to 0 at A, the forward stagnation point, and v = 0 throughout this range : then, as 
we proceed along the cylindrical surface u, v both increase but by the time we 
reach C v vanishes again and u attains the maximum value 217. The same course 
is repeated backwards from C to B but v is negative throughout this range whereas 
u continues to be positive everywhere. At B again both u and v vanish and then 
whereas v remains zero, u increases continually to 17 at I/'{+oo). 



Fio. 2 
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(iv) A similar coiirse is followed along any other stream-line LiAiCiBiLi with 
u attaining its maximum value (< 2U) at Cj and never vanishing anywhere ; 
V vanishes only at — oo, +oo and 0%. We now consider that the same pheno- 
menon is represented in the plane and we represent the stream-lines 1, 2, 3, 
of the x-y plane on this u-v plane by the lines 1, 2, 3. This result is rou^y 
shown in Fig. 2. 

The essential features are (Fig. 2). 

(i) The entire motion on the upper half of the x-y plane is represented on the 
right half « > 0 of the u-v plane. 

(ii) The line ^=*0 starts from 0*(U, 0), moves to the origin (ussO, t;*si0) 
corresponding to A, runs along the arc O / C and gets back to the origin for B and 
thence moves along the tt-axis to O' again. 

(iii) Every other stream-line starts from the same point O' and completes the 
lo<>p at O' again. 

(iv) The entire flow in the z-y plane is confined in the u-v plane within the 

curve O'0 1 ('OO' corresponding to ^ 0 and symmetrical about the tt-axis. 

(v) All stream-lines are heart-shaped loops touching each other at their 
c;ommon navel 0'(C/, 0), the stream-line at infinity reducing itself to a point-curve 
about O'. Now, we consider that if the liquid instead of being perfect were a 
viscous one it should have had the following characteristics. 

(1) Symmetry about the x-axis, as in Fig. 1. 

(2) Symmetry about the y-axis, (at least far away from the body). 

(.*1) The velocity at infinity is, still V everywhere. 

(4) The velocity along the stream-line ^ = 0 changes, as before, between — oo 
and .‘I but M = 0, prsO along the whole arc from A to B through C (Fig. 1). 
Hence whereas the body-surface in the pt*rfect-fluid motion is represented by the 
loop 0 K'O (Pig. 2) in the u-v plane, the same should reduce to merely the origin 
(u ass I), V asB (l) in the case of the viscous flow. This means that the hodograph- 
plane ropresentatiori of the viscous flow must be entirely outside the trace of the 
body in the same plane whereas in the perfect-fluid motion it is totally inside 
<he same. 



(6) The velocity at all points on a: = 0 (where t> >= 0) between C and (0, +ao) 
should now gradually increase from O to U and as such, the motion in the it, v 
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{dMne should be oonfiued between O < « < Also v must have a finite maximum 
somewhere ; assiuning that it is d; F we can say that the motion must be confined 
within 0<«<{7, — F<e<F. 

The stream-hne at infinity is a pt. loop roimd 0*((7, O) (Fig. 3), the other lines 
also forming loops all touching at O* again. As, in this case, tl^ surface of the 
body need not be a stream-line, much will depend on the disposition of the stream- 
line through O. If it coincides with ^ ss 0 of the perfect fluid motion, i.e. it 
coincides with the surfhoe of the body, there will be an obvious indeterminacy in 
drawing the stream-lines close to the body in the ii-v plane, for the expanding and 
flattening loops (Fig. 3) must stop flattening somewhere, contract sidewise and get 
back to merge into the st. line O’ 00* (Fig. 3). 

On the other hand, if this stream-line, i.e., the one through C, does not coincide 
with the surface of the body entirely (Fig. 4), say it is P(j^BS. llien the loops 

u 



expand until the largest one corresponding to PQB8 cut the u-axis at the origin 
perpendicularly. (Fig. 6). But in such a case the entire fluid between PQBS (in 
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the x-y plane) and the axis of y will perforce be rendered stagnant, relative 
to the body. 

Wo have brought in this elaborate description to point out, incidentally, the 
lack of uniqueness in the adjustment of the no-slip condition. 

However, the plain fact stands that whereas in the perfect fluid motion, the 
flow in the u-v plane is entirely confined within the trace of the boundary m the 
u-v plane, the no-slip condition throws the flow in the u-v plane outside the 
body and it is not possible to see how one system can be transformed into the other 
by a process of continuous transition. 


Abstract. 

Obsorvation of roal fluid motions are admiUt^l to reveal potential motion away from a solid 
obstacle. Frandl explained this on the h 3 rpothe 8 i 8 that away from the body viscosity does not 
uome into play appreciably and the fluid behaves as a perfect one. This paper seeks to inves- 
tigate the typo of motion that is loft when a viscous fluid with initial rotational motion 
ultimately loses its viscosity. It prtjvea conclusively that a non- po tent ial motion cannot 
reduce tu a jiotential motion in Die limit when ft 0, a result that was not exactly unknown. 

Some geometrical evidence has been brought to boar upon tho same point, by considering 
tho motion in tho hodograph plane, i.e. the (u, v) piano. 
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Pabt I. 


lUTBODUOnON. 


Problems oft steady viscous liquid flow have been solved for a few cases where 
the non-linearity of the equations practically disappear as in the case of motion 
between two parallel plates or Poiseuille motion or motion between two cylinders, 
etc., mostly known as the Couetto motions. Two other known exact solutions 
without any approximating assumptions are those of Hammel and K&rm4n 
(Gol(btein, 1950) when the non-linear inertia-force terms exist. Stokes exact 
solutions apply to motions only very slow and Oseen’s approximations are, after 
all, approximations and even as such are not free from defects (Lamb, 1932). The 
author, interested in the problem of motion of a viscous liquid past a solid of 
finite dimensions, has noted that the Couette types are only particular cases of a 
more general form. This present note seeks to construct such types of exact 
solutions. In part I of this note it has been shown that in the case where the 
vorticity is a function of the stream-function ^i, of the corresponding potential 
motion, it is pcMsible to construct a general expression for the stream-function d, 
which will satisfy the boundary conditions. All flows, however, will not admit 
such types of solutions. The Couette motions on the other hand are all particular 
cases of this type. 

Part 2 constructs the types of flow where the stream-function is a function of 
the same only. Some simple applications, by way of illustration, follow. 


1 . The fundamental Equation. 

The stream-function for the steady two-dimensional Navier-Stokes equation 
for a liquid is given by 


where the suffixes denote the corresi)onding partial derivatives and 


V*« 

We know, in such a case, the vorticity 




is given by 


{ 


du dv 
dy dx 


( 1 . 1 ) 
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( 1 . 2 ) 
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and hence (1.1) can be written as 

(1.3) 

2. Tranaformations. 

Oonfining our attention to those problems of specified boundaries, where the 
flow may extend to infinity if necessary, let us suppose that the corresponding 
f>otential flow of a perfect fluid with the same boundaries is known. Let ^i, tpi, 

represent the velocity potential and the stream-function respectively for such a 

flow and let qi denote the magnitude of the velocity at any point due to such a 
flow. Then, we know that 

Si = 

= |V^i|» or Iv^il* (2.1) 

and 

= 0 . ( 2 . 2 ) 

Now, the two equations giving the values of at any point (x, y) in the 

plane of flow, may be solved for x and y to give 

t 

(2.3) 

In other words, instead of the Cartesian co-ordinates (x, y) we can use the 
system of curvilinear co-ordinates and they are quite suitable for the 

purpose because we know that the system of curves s const, and ss const, are 

orthogonal at any point and ^ 

With such a system it can be easily shown that 


dx»+dys"^i (d<^yd^fj 


where 


Hence, from (1.2) 


2-_S 

?! V*» 
3^1 3^; 


(2.4fl) 


C “ V 1^. . • • • • . 

Now, the basic equation (1.3) when transformed by (2.3) takes the form 

3 ^ 1 ’ 3^1 3 ^ 1 ' 3^1 


3. Solutiotu. 


We consider now that type of motion which is chuncterized by 

{=/(^i) 

Obviously, (2.6) reduces to 

“ ^ yfih)- 

This equation can obviously bo integrated partially with respect to giving 
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where F(^i) is any arbitrary function so far. The relation (3.3) is of course subject 
to the condition (1.2) which, in the new system of co-ordinates, has reduced 
to (2.6). 

Putting 


nh) 

mi) 




(3.4) 


we have (3.3) as 


^ . ^i+F{>Px). 


.. (3.6)* 


From (3.5) it is clear that 




— (» 


and hence we have 

. = -i>mi)4>i+mi) 


and hence from«(2.6) and (3.1) we must have 


ql{-i'mi)4i+F''(M - C =/(^i) (3.6) 

Thus, for a given /(^i), F(t^i) has to be determined from (3.6), provided a solution 
exists. 

Equation (3.6) can be written as 


5? 


— V 


mi 

Ml) ' 




mi) 

Ml) 


and hence generally it is of the form 

\ = A(h)<l>i+mi) (3.7) 

Kow q\ is assigned by the specifications of the boundary and may not be of the 
form (3.7) ; in such a case, the method cannot be applied. 

If, however, admits of the form (3.7) formula (3.6) will represent the stream 
function if the value of F{^i) as given by (3.6) is substituted in (3.6). 

Admitting such a possibility we notice that the boundary condition can be 
very easOy adjusted. 

For instance, the usually accepted boundary conditions are (Eamp6 de F4ri4t, 
1948) ^ ss 0 and = 0 on the surface of the body. 

Now, as, in the potential motion, vanishes on the boundary of the body, wo 
may define the boundary in the viscous problem by = 0, 
and hence, the boundary conditions must be 

^ = 0, = 0 on 01 = 0 (3.8) 

These are satisfied if 

^(0) = 0, >(0) = 0) 

and > (3.9) 

m = 0, F'(0) = o3 


• A formula of the type (3.61 was arrived at independently by Prof. R. Ballav in coarse of 
his investigations on superposabiuty, as reported in the Indian Science Ciongress, 1062. 
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Conditions (3.9) however can be relaxed. For the only physical condition 
rigorously necessary for a solution is that the velocity must vanish on the 
boundary. This is secured entirely'if 

^(0)=0, m = (0). F'(0)=0. 

4. Cotiette Motions. 

It may be easily seen that all Couette motions belong to the type for which 
(Vi'i). This is a particular case of equation (3.7) where .4(0i) vanishes. 
We shall discuss by way of illustration, some flows of this type at the end of 
part 2 of this note. 


Part TI. 


ft. With the same .system of co-ordinates (^j, tfti) as in Art. 2 we now suppose 
that the stream-function for the viscous flow, is given by 


(61) 


We shall take the equation of motion to be given by (2.6) and (2.5) as before ; 
but in this case (2.6) reduces to , 

?==9?r(0i) (5.2) 

and hence 

I - /'"(^i )+2 ^ . r (<Ai)+r (lAi) . v\q\, . . ( 6 . 2 a) 

#1 

whore 7* and are given, as before, by (2.1) and (2.4a). With (6.2a), (2.6) 
reduces to 


r'hAiWi) ^i-rih)+nh) ■ 

d<f>i L dipi J 


. . (5.3) 


InUtjrahility of the equation (5.3). 

It may be noted that, in general, can be regarded as a function of both 
<l>i and tfii. The function / being purely a function of ^1, it becomes apparent that 
the validity of the equation (5.3) for all values of and fti will impose certain 
restrictions on q^. These restrictions will really specify the types of flow which may 
admit of a solution of the form (5.1). For, for a given sot of boundary specifica- 
tions, the jwtcntial motion of the perfect-fluid flow is uniquely determined 
(Dirischlet flow') and so is When the value of thus obtained makes (6.3) 
integrable, the corresponding solution may be obtained. If not, there is no 
solution of the tyjie for the assigned specifications. 

It is obvious that when g® is either a constant or a function of fn alone, the 
equation (5.3) can always be integrated and hence costruction of a solution of the 
type (5.1) is always possible in these cases, provided the boundary conditions are 
satisfied by the resulting function. 

6 . The Boundary Conditions. 

As before, we shall take the boundary of the solid to be defined by =* 0 and 
hence for the no-slip condition (3.8) must hold. Now in this case, from (6.1), we 
have 


8b 


=/'(^i). 


(6.4) 
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and hence, as I V^i|#0 on *fii 5= 0 

/'(O) =r 0 (6.4a) 

If in addition, we consider that the fluid extends to infinity and flows there with a 
uniform velocity U, when »Jii~*-co. Hence, in order that tho same 

condition may hold for the viscous flow we must have, 

/'(oo) = 1 (6.46) 

Thus, a function /, satisfying (6.3) and the conditions (6.4a) and (6.46), (provided 
the integrability condition for the corresponding is satisfied) will lead to an exact 
solution of the viscous flow problem. 

It has been noticed that the viscous flow past a circular oyluider does not 
admit of a solution of the type (6.1) ; for the corresponding g* for the potential 
flow does not render (6.3) integrablc. 

We shall discuss briefly, by way of illustration, two particular cases, the 
solutions for which arc already well-known. 

6. Case (1) : = fj* = a const. 

* 

The viscous problem corresponding to this case is that of the motion of a 
viscous liquid past a plane wall, say y — 0. The stream function for the corres- 
ponding potential motion is given by = Vy and hence (6.1) makes ^ a function 
of y alone. As, further, g j is a constant (6.3) reduces to 

= ( 6 . 1 ) 

the general solution of which is 

^ = ao+Oiy+«22/*+082^* (6.2) 

Now, as, y = 0 when = 0 and y-><x> when -> oo, the boundary conditions 
(5.4a) and (5.4b) reduce in this case to 

0(0) = 0, 0'(oo) = 1. (6.3) 

The latter condition cannot obviously hold and hence the solution cannot apply to 
a flow extending to infinity. We shall therefore consider only the case of flow 
between two planes y = 0 and y — h. We may think of two cases ; (i) when both 
lilanes are fixed and (ii) when one is fixed and the other moving with a uniform 
velocity V. 

In general, from (6.2) 

« = ^ = oi+6iy+Ciy*, say. .. .. (6.4) 

Case (»). The boundary conditions are 

M = 0 when y = 0 and y ^h. 

Hence the solution is 

u sss Cxy{y—h). (6.5) 

Case (ii). If y = 0 be fixed and y moving with a uniform velocity V, we must 
have 

ussO on y = 0 
* tt SI F on y = 6 



• # 


( 6 . 6 ) 
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and hence (6.4) gives 


.. _ . Ciy{y-h) 

_ 


quite a well-knovm result. [Lamb, (1932), p. 683.] 

7. Case 2. m q^{t(ii) : Motion round a circular cylinder. 

When a perfect fluid undergoes a motion of circulation round 
cylinder, r = o, with the velocity vanishing at infinity, we know, 


a circular 


log 


Hence, 


and so, 




d 2 

57- 


d4>x 

The surface of the cylinder is given by r = a and, hence, by 

““ 0, • * • . * . 

and hence, the inner boundary condition for the viscous flow, must be 

/'(O) = 0. 

Now putting, 

— Qi*/>i) • • • • • • 

and 




we have from (5.3) 


. . (7.2/ 


. . (7.2a) 


. . (7.3> 


(7.4) 


• • (7.o) 


. (7.6) 


dPQ)=^, .. 


which gives, at once. 


whore 


PQ = A +501 ; . . 

and so, 

f’ih) = (C'+i>^i)e2'^i/*, 

whore 

Integrating (7.9) and applying (7.4) we have 

2A, 

m) - 1 {c+z> (a- I) ||c- |d} . 


. . (7.8) 


. . (7.9) 


. (7.10) 


.. (7.11) 
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Now, the velocity at any point, 






■nh). 


(7.12) 


from (7.2), and hence we notice that the velocity at infinity can neither vanish nor 
tend to a finite limit, and so the motion considered cannot extend to infinity. 

On the other hand, for appropriate values of C and D the solution can be 
fitted to the case of fluid rotating between two circular cylinders r saa, 
r = b {a< b), the inner of which is fixed and the outer rotating with a finite 
angular velocity. It is also possible to adjust the solution to the case when the 
inner cylinder is rotating and the outer is fixed but in such a case the boundary 
condition (7.4) has to be modified accordingly. 

These cases have been treated otherwise so thoroughly and simply (Lamb, 1932, 
p. 588) that it will serve no useful purpose to go into the details of their discussion. 


Abstbact. 

This paper contains two parts. In part I an exact solution of the boundary value problem 
for the two-dimensional viscous fluid motion has been formulated in the special case when the 
vorticity is a function of the str^iam function ipi, of the corresponding potential motion with the 
same bound iry, alone. It has been found that such special cases are restricted by a particular 
form for the square of the velocity in the potential motion. The exact solutions without 
approximating hypothesis that have been so far obtained, viz., the Couetto motions — are how- 
ever covered by this general investigation. 

In the second part, investigations have been carried on into another type of cases — the 
class of problems where the stream* function 0 of the viscous motion is, again, a function of 
of the corresponding potential motion, alone. Tho ordinary differential equation obtained is of 
the fourth order and generally non* linear and carries its own limitations of applicability. Two 
examples from tho known Couette motions have been appended to illustrate its possible utility , 
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THE COMPLEX BAND SPECTRUM OF DIATOMIC MANGANESE 
CHLORIDE IN THE VISIBLE REGION. 
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Physics, Andhra University, Wcdiair. 

(Communicated by Dr. K. Rangadhama Rao, F.N.I.) 

(Received November 29, 1951 ; read January 1, 1952.) 

Intkoduction. 

Characteristic bands due to diatomic molecule manganese chloride are known 
to occur in four spectral regions (1) around A 2600, (2) between A 3600 and A 4000, 
(8) A 4300-A 4600, and (4) between A 4800 and A 6100. Following Bacher (1948), these 
four systems may be designated as a, y' and y respectively. A complete analysis 
of the P system showed that the transition is a while the a system with a 

simpler structure is suggested by Bacher to arise in a iR-fR transition, with l£ as 
the ground state common to both the systems. Mention was also made by him 
of the existence of another system y in MnCl, MnBr and MnF, which was suggested 
as an intercombination system due to the transition involving the lower 

state as the ground state '^£. For both y and y' systems, only measurements of a 
few diffuse bands as reported by Mesnage are just available in the literature. The 
present paper deals with the results obtained by the author in a detailed study of 
these two systems. 

Experimental. 

The spectrum was excited in a heavy current discharge from a 2,000-volt D.C. 
generator using a fused silica discharge tube of special design, which was described 
previously by the author (1949). This source was found suitable for the excitation 
of the spectra of the halides of such refractory elements as manganese, chromium, 
iron, cobalt and nickel. For photographing the spectrum, a Fuess glass spectro- 
graph of high light gathering power was employed as the band systems y and y' are 
comparatively weaker than the others. The dispersion of the instrument is about 
26-30A‘’ per mm. in the region under investigation. A higher dispersion 
instrument is found unsuitable for a good reproduction of the two systems. 
Exposures varying from half a minute to 2 minutes’ duration were given employing 
Ilford Selo-chrome plates. 

Structure and analysis op the y system. 

Plate XIV (a) is a reproduction of the y system in the region between A 4800 and A 
6100. The bands are apparently arranged in four groups which may be designated 
as groups I, II, III and IV respectively starting from the red end. It was foimd that 
the wavenumber intervals between certain prominent bands in the neighbourhood 
of A 4977-8 in group HI and those of group I around A 5076 are approximately equal 
to the vibrational firequency 384*7 of the ground state of MnCl. This at once 
suggested that groups II and III, which stand out prominently and are well 
developed, may form the =0 sequence and groups I and IV the == — 1 
and -j-l sequences respectively. A closer examination of the plates revealed that 
there are some line-like bands between groups H and III which lent further support 
‘te the view that the members of the two groups form the Av = 0 sequence. Some 
of the bands in the various grbups are red-degraded while others are line-like. 
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Bacher also reported that the HiGiv") intervale in the y system of MnCl, 
MiiBr and MnF suggest that the ground state is the lower state of the system. 
From a comparison of the electronic transitions in Mn atom with those of MnH, 
MnF, MnCl, MnBr and Mnl, he suggested that the y system which occurs only in 
emission and with comparatively less intensity than the other systems, may be an 
intercombination system arising in the transition It is shown in the present 

paper that it is possible to interpret the structure of the Aw = 0 sequence of the 
y system of MnCl on the basis of a <>17-727 transition. 

The possible rotational heads for the transition #77 may be formulated as 
follow's. The ground state ’’S corresponds to Hund’s coupling case (6). In a 27 state 
(A ~ there is a spin splitting of each rotational level, i.e. for each value of K 
there will be 7 component levels with J = K-\-S to J — K—S, which following 

Mulliken, may bo desijpiated as Fj, Fg Fj respectively. The separations of 

these levels are not or(linarily resolvable. The upper state may belong to case 
(a) or (b) or an intermediate state between the two. In fact, it approaches case 
(a) for low values of K and case (6) for higher values of K. For case (a) we get by 
combining A with 27, five levels <>wo, and which in case (b) ov: 

account of the spin splitting will become F^, F^, Fa, F^ and Fi levels respectively. 
For each value of K there will be five values of J and the selection rules are that 
A«/ » 0 or ±l and AF can be either 0 or ±1 or ±2 or ±3. 

A schematic <liagrani for the transition representing the various 

expected branches is represented in Fig. 1 . The form of the branches is indicated 
in the usual notation T S It O P Q N corresponding to A A' values of -|-3, +2, +1, 
b. — 1. — 2, and —3 respectively. The rotational lines can be represented by the 
formula 

v - vo+F'(A)-F*(A) 

= *-0 1 F'A'{A'+1)-F''A'(A''-(-1) 

where represents the frequency of the null line of the band. The formulae for 
the individual forms are 

Form A A 

T +3 V =ro-lF'(F+3)-F''(A') 

- vo+12/?'+(7B'-7r)A'+(B'-B‘')A2 

-S' +2 e :=ro+F'(A+2)-F'(A) 

= 1-0 -|-6B'+(r»B'-B'')A'+(B'-F'')A2 

R +1 v = »-o+F'(A+l)-F'(A) 

= vo+2B’+{W'-B‘’)K+(B’-B‘’)K^ 

Q 0 V =vo+F'(A)-F*(A) 

-= »'o+(B'-F')A'+(F'-F'')A'2 

P -I „ vo+F'(A-l)-F'(A) 

= vo-(B'+F')A+(F'-7r)F2 
O -2 e = vo+F'(A-2)-F'(F) 

= i'o+2B'-(3F'+F”’)F+(F'-B')A2 
N -3 „ =vo4-F'(A-3)-F'(F) 

Differentiating the above expressions w'ith respect to K and equating to zero 
(the condition for head formation) we get F», the value of A at which the head is 
D o ^ in which B'>B' (red-degraded bands) A* is positive for 

R, 8, T forms and negative for the others if as usually the case 3 jB' > B". The 
A* values for the latter are shown below. 


AA 

Form 

A* 


0 

Q 


+1 

B 

W'-B’ 

2(B'-B') 


+2 

8 

SB'-B" 

2(B'-B') 


0 



DIATOHIO MANOANESE OHLORIOE IN THE VISIBLE REGION 


483 


Hence in the present system of MnCl we expect only the Q, R, 8 forms only as 
head-forming. These transitions are sho\vn in Fig. 1 . 

TABI.E I. 

MnCl batids, y System, 


Sequonre. 

Wavelength. 

Wavenumber 

T 


tlJ 

A® 

cm.-l 



-~1 

0 

+1 



6086-6 

19654-4 

4 





>> 

5078-4 

19685-8 

9 

0,1 


^66 

^66 

}> 

♦6076-0 

19699-0 

6 

0,1 



II 

6066-9 

19730-6 

2 

^ 64 

> 

11 

O 

6041-7 

19829-1 

6 






« 6037-2 

19846-8 

7 

0,0 

^Pl 

Qi2 



6033-6 

19861-0 

5 

0,0 



Bit 


*5029-8 

19876-0 

6 

0,0 


^B, 

II 

6026-4 

19893-4 

7 

111 

^Pg 

Qes 

^23 

;j?,4 

<^Btz 

1^2$ 

>1 

6021-2 

19910-0 

4 

0,0 



5018-8 

6016-2 

19919-6 

19933-8 

6 

4 

0,0 

0,0 


*<?2 

^Qai 


6013-2 

19941-8 

6 




II 

6007-3 

19965-3 


0,0 


Qaz 

Psi 

II 

*5004-8 

19975-3 


0,0 

^Pzt 


1 1 

4998-3 

20001-2 



II 

4991-0 

20030-6 


0,0 

^Pts 

^Qz 

P46 

II 

4981-6 

20068-7 


0,0 


Qze 


>> 

4977-8 

i 

20083-6 


0,0 


*<?6 

P66 

= + 1 


20399-2 

3 

1,0 

^Pea 

m 

J?44 

II 

4891-3 

20438-8 

5 

1,0 

^Pz 

■I 



* Bands superposed by Mn lines. 


With the aid of the scheme of expected transitions in a as shown in Fig. 1, 

the vibrational and rotational assignments of band heads were made as shown in 
Table I. The subscripts given in the last column relate to the numbering of F 
levels in the upper and lower states. For each of the spin rotational levels, the 
P, Q, B branches of the same form are not ordinarily resolvable even under high 
dispersion and therefore the same band is assigned for the three branches. 

Plate XIV(a) shows the mrfin head-forming R branches (AK — AJ = +1)-B6e» 
i 246 , R^y R%z> ^12 of fhe Aw = 0 sequence. The interval separations betweesn 
these heads as shown in Table II indicates that the coupling constant A is of the 
order of 56 cm.“^ 

Tabib II. 


if Bit 






Bts 


Bit 


0, 0 120083-6 20030-6 

63-1 


19076-3 19919-5 19861-0 


63-2 


66-8 


68-6 
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p a R 


Q R 


i_/r4.5 
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~K 
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^K-2 
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Mud bniuls. 

y sysh'iii. 
y' system. 




DIATOMIC MANOANESB CHLOBIDE IN THE VISIBLE REGION 


486 


With a multiplicity of 6 for the upper state, the overall width of the multiplet is 
4 X 56 = 224 cva^^ Hence there should be no overlapping of band heads of the 
Av =0 sequence with those of the Aw ~ — 1 sequence. This feature is also 
the reproduction. The multiplet analysis was shown in detail in the 
of band heads of the Aw = 0 sequence as the development of Aw = —1 and 
+1 sequences is pOOT. From the observed A<5'{t>) intervals as shown in Table III, 
the following approximate vibrational constants were derived for the system : 

mj = 370 cm.“i 
to/ = 384 cm.-i 


TABI.E III. 


AK = AJ Hoods 
vW 

^66 


0, 0 

2008.?-6 

.884-6 

20068-7 

382-9 

0,1 

19699-0 

19685-8 

AK = AJ Hoads 
v', 

^66 

^46 

0, 0 

20068-7 

370-1 

20030-6 

368-7 

1,0 

20438-8 

20399-2 


The y' system of MnCl. 

Plate XIV( 4 ) is a reproduction of the y' system occurring in the region between 
X 4300 and A 4600. It consists of four groups which, starting from the red end, may 
be designated as groups I, IT, III and IV respectively. Some of the bands seem to 
be degraded towards the red while some are headless and others are diffuse. It is 
not possible to interpret the structure of this system owing to the poor development 
of sufficient number of band heads in any group. However, a wavenumber interval 
of approximately 384 cm.“i is observed between certain prominent bands of 
groups I and II as shown in Table II. This suggests that the ground state ^1! may 
be the lower state of the system. 


Table IV. 


Group II. 


Group I. 

22302-3 

384-4 

21917-9 

22184-6 

384-1 

21800-4 

' 22160-3 

384-0 

21782-3 


'^.s the groups are not well developed, only a catalogue of the band heads is given 
in Table V. 
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Table V. 

Mndl hands, y* System, 


Group. 

Wavelength. 

Intensity. 

Wavenumber. 

I 

4r)95-0(/^) 

2 

2:756-7 


4589*6 

2 

21782*3 

» ♦ 

4r)8.'5-8 

8 

2I8O0-4 

»» 

4569-3 

3 

21879*1 


4561-2 

5 

21917*9 

♦ I 

4556*8 

3 

21939-1 


4551*4 

5 

2i9ri.'>i 

II 

4514*9(H) 

6 

22142-7 


45l(»*l 

3 

22166-3 

» « 

♦45064 

7 

22184-r> 

> » 

4482*6(/^) 

10 

22302-3 

111 

4468-0 (/?) 

4 

2237.5-1 


4463-0 

3 

22397-2 

f » 

4427-4(/0 

10 

22680-3 


4423-8 

3 

22.598-7 

» » 

4421-7 

2 

22609-4 


4405-7 

5 

22691-.5 

IV 

4383-5{/>) 

5 

22806-4 

» » 

4354-0(r) 

4 

22961-0 

,, 

4346-5 

4 

23000-6 


4329-8 

4 

2.3089-3 

- 

4326-0 

3 

23109-6 


* Band «uporposed by Mn lino. 

It — Red degraded . V — V iolot -degraded . D — ^Diffuse' . 


Abstract. 

The emiaaion apeotrum of diatomic manganese chloride is excited in a heavy current dis- 
charge through the vapour and photographed in the visible region using a Fuees glass spectro- 
graph. Two systems designated here aa y and y' w^ere obtained more extensively than those 
reported by Mesnage. The y system occurring in the region A 4800~A 6100 has been interpreted 
on the basis of a transition involving terms of high multiplicity. The vibrational con- 

stants o>/ and m/ were approximately obtained as 370 cm.-l and 384 cm.-l respectively. 

Measurements of 22 bands occurring in four groups of the y' system were given and a 
recurring wavenumber interval of 384 cm.-l between some bands is also indicated. 
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ULTRA '^It)LET BANDS OF MERCURY IODIDE MOLECULE, 

PART V. 

By C. RamasaV^hy, D.Sc., Department oj Physics, Indian Institute of 

'f',echnoVogy, Kharagpur. 

(Ditely I.C.I. India Research Fellow, N.I.S.I., Andhra University, Wattair.) 

(Communicated by Dr. K. R. Rao, F.N.I.) 

(Received May 9; read August 1, 1952.) 

The emission spectrum of diatomic mercury iodide radical is very extensive 
si. 'tching from A 4500 to A 2100. As many Jis twelve different systems of discrete 
bam. ■ are rennrted in the literature. The author has previously analysed four 
..anu Steins H, G, and F^ (Ramasastry and K. R. Rao, 1947 and Ramasastry, 
1948), commencing from the short-wave length end of the spectrum. The group 
of bands lying in the region A 2450-A 2380, designated as system F^, will now be 
considered. 

Through the w'ork of M. G. Sastry (unpublished) and Ramakrishnarao and 
K. R. Rao (1946) the existence of this band system was established. The latter 
authors also gave Avavelength data and indicated some regularities in an attempt 
to get at the vibrational analysis. In the present work the bands could be measured 
under a much higher dispersion of 2-4 A/mm. on quartz Littrow Spectrograms. 
A few additional bands obtained at the short wavelength end of the system and 
better resolution at the long wavelength end enabled the author to form regular 
scries. 

The Fg-system has rather a peculiar appearance. There is a large amount of 
crowding at the long wavelength end. This closing up could bo explained as due 
to long progressions or sequences the interval between whose members decreases 
at a rapid rate. In either case the first attempt should be to find regidarities from 
the points of view of both the intervals and intensities. 

From the short wavelength end, one ean easily pick out a series of bands 
commencing from v 42188. This series is indicated in the first column of Table I. 
The development of the series is quite smooth from all points of view up to v 41633. 
The approximate position of the next member is on the band v 41664 which itself 
has apparently greater intensity and a smaller separation than v 41633. On close 
examination it can be noticed that the band is rather broad which is attributable 
to the superposition of another band on the long wavelength side of v 41664. The 
position and intensity of the superposed band give it a place in the first series while 
41664 itself should belong to another series. Higher members of this first series 
which must be weaker should have been submerged in the greater intensity of the 
members of the other series. 

The second series beginning at 41940 has also a similar ending at its fifth 
member v 41602. It looks that -progressions II and IV have got common regions 
in the neighbourhood of v 41602, v 41523 and v 41455, the decreasing intensity of 
progression II and the increasing intensity of progression IV being approximately 
equal at v 41523. On similar considerations the other series are also formed. 

In the vibrational analysis shown in Table I, these various series are presented 
at, dower state progressions. It would also be equally well if these are considered 
as sequences with the first series as the (0-0) diagonal one and the rest moved on© 
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step higher with respect to its left side neighbour so as to represent Au = — 1, 
—2, —3 etc. sequences. This would give a first interval of *t«bout 160 cm.-i in 
the lower state vibrational level spaeings. As this and the generv^:un of intervals 
do not agree even approximately with those of any one of th 3 electronic 
till now analysed, such an arrangement as sequences is not fav(' ired here. 

Coming to the arrangement shown in Table I, one strik^^ig feature is that the 
intervals in both the upper and lower state becam(^^r''w»iisiderably smaller with 
increase of vibrational quantum number. Even if'lilie arrangement as sequences 

Tabi.k I. 



42 41940 

89 

4;i 41851 

86 

46 41765 

85 

47 41680 

78 


41602 

79 

41523 41 41564 

73 


41491 32 41523 

69 68 

41422 33 41455 

67 67 

41355 ,33 41388 

62 62 

41293 33 41236 

59 

412- - 41269 


51 

41160 

4111- 


41242 

54 

41188 

47 

41141 

45 

41096 

22 

41118 

43 


. 44 

41053 

21 

41074 

41 


42 

41012 

20 

41032 

36 


37 

40976 

19 

40995 

36 


32 

40940 

23 

40963 

32 


36 

40908 

19 

40927 



29 

40898 














and F Svst.-ms (.fMprcnry I.idide M.dpf, 


Kamasastkv. 
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is preferred, this closing up of levels is present. This is considered as due to the 
proximity of thes& Vibrational levels to their respective dissociation limits. If the 
same averag^-v/ of convergence at 3 cm.-i per quantum number in the lower 
state «!fttI5lBnes, t!» dissociation limit for the lower state would be reached in about 
.more steps wiw^ total energy of 145 cm.-i approximately. The sura of the 
23 observed levels 1458 cm.~i, the dissociation energy above the first observed 
vibrational level of tSe'’l''wer state is about 16<t3 cm.-i (or a little more if ionic 
forces of inverse square law tj'pe prevail near the dissociation limit in the case of 
such molecules as the Mercury halides). Similarly, for the upper state its dissoci- 
ation limit should lie about 196 cm."^ above the first vibrational level of that state. 


NATURE AND IDENTIFICATION OF THE ELECTRONIC STATES. 

The upper state is thus very shallow and could house about 10 vibrational 
levels only before dissociation sets in. Besides the low vibrational frequency of 
tJ^out 50 cra.“i compared to the lower state frequency of about 98 cm.~*, would 
al^ft indicate an electronic state with a small binding force and the potential 
-aiii. ...u m the U{r)—r curve must be situated at large internuclear distance. 
J’he large displacement of the shallow min i m um of the R.E. curve of the upper 
state can explain the observation of lower state vibrational progressions near its 
dissociation limit as the vertical lines from the outer extremities of the vibrations 
in the upper state would then fall in the vicinity of the dissociation limit of the 
lower state. If a transition were to take place between the dissociation limits of 
the two states, the enei^y would be 42188-1-196— 1063 — 40781. This should 
correspond to Votom. An examination of the atomic energy states of mercury 
and iodine gives that 6s6p (Hg)— 6 s9s (Hg) gives 40759, indicating that 
the dissociation products for the lower and upper states are OP (Hg)-1-*P3/2(I) 
and 9S (Hg)-f*P8/2{I). Probably the electronic transition is between lirst 
excited state and a very highly excited slate of the Hgl molecule. The small 
discrepancy of 22 cm.- 1 is probably due to uncertainty in the extrapolation of the 
lower state, then the dissociation limit of the lower state may be taken to be located 
about 1625 cm."i above the first observed vibrational level of that state in the 
Pg-system. If as reported by Wieland (1948), the first excited electronic state of 
Hgl (up^r state of the system B of visible bands) has Wq — 110, the v" quantum 
number for the 42188 band can be fixed to be at 4 using the value of 3 obtained 
from the present analysis; this leads to a value of 110-t-107-f-104-f lOl-f-1625 = 
2047 cm.~i for the dissociation energy of the upper state B of the visible bands 
which is identified as the lower state for the P2-sy8fem. 

On the other hand, if it is assumed that the lower state of the P2-8ystcm is the 
ground state of the molecule itself {w/ — 125-7 and — 1*1) despite the 

lack of agreement of the derived Vatom. of 40805 with any of the energy levels of 
the mercury and iodine atoms measured from their ground levels of 6a2 i8q (Hg) 
and 5p6 the sum of the first 9 vibrational levels would be 1024 as the average 

from the analyses of H, 0 and F systems. The interval between the 8th and 9th 
levels is 105 cm.-i only so that it can reach 98 cm.~i, the first interval observed 
in the lower state of the Ff^-syetem, in two steps. This gives a v' quantum number 
of 12 for 42188 and a dissociation energy of 1024-f 203-1-1603 = 2830 cm.”i as 
w ^ 

compared with ji- — J to, =3496 cm."i. From the predissociation limit observed 

in the £f-system at 47360 cm.”* (Ramasastry and K. R. Rao, 1947), the upper 
limits for two probable values of dissociatipn energy are 3310 cm.”* and 2110 
cm.r*. Neither of which agree with the above value of 2830 cm.”* which repre- 
sents the lower limit. Because of these discrepancies it is considered more probable 
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to identify the lower state of the F2-By»tem with the upper state of the jB-system 
of visible bands. 

The author is indebted to Prof. K, R. Rao for his interest h work and to 
IJr. I). S. Kothari for his encouragement. His grateful than’ s are due to the 
National Institute of Sciences of India for the award of a I.C.^ . (India) Research 
Fellowship. 


Abstract. 

Tho of Hgl bands lying in tho re^gion 2460A-2380A are photographed on the 

Hilgor Medium and Littrow Quartz Speetrographs. About 40 bands could be measured. The 
closing up f>f tho bands towards thf^ long wavelength end is explained by a vitrational analysis 
which inc'ludes six lower stale progressitmH. The vitrational level intervals in the low’or state 
docreaso from 98 to 30 in about 22 stops and those of tho upper state from 44 to 21 cm.""^ 

in 4 stops loading to ovtrapolatod dissociation limits of 1603 em."*^ and 220 rospoctivoly 

above tho lowest observed vitrational levels. It is suggested that the band system may not 
involve tho ground state but may bo duo to a transition between two excited states. 
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2400J 2441-6 

(n) and {h) Two posith os nf a heavily exposed Spectrogram (Mediuia Quartz), 
(c) Positive from a Quartz Littrow Spectrogram. 




OT, :i.IE ZEROS OF A CERTAIN POLYNOMIAL. 


By k^»SHAEMA, M.A., Ph.D., Lucknow University. 

(Commm^ted by Dr. S. M. Shah, F.N.I.) 

(Received March 21 ; read August 1, 1952.) 

1. Recently Venkataraman (1950) has generalized a result of Prof. K. S. K. 
Iyer and has shown that the zeros of any section of the power series for e*, say 


1 


+ 


f l^(r+l)I 


(r+n ) ! 


lie in ‘he region (r+1) < jzj < (r+n). 

I ' « -“..mjju to generalize this result, I have proved a similar property for any 


section of the power-series for 




and the power-serictj 


2 <"+*>' n- 

nssQ 

The objeet of this note is to prove a similar theorem when formally 


(“y-2 


Pn(r)xo, (h>l) 


and r is a positive integer. 

I shall prove that the zeros of 


n 

P(^) = ^Pm.^h(&- 


»=0 


lie in the region 


Pm(r) ^ ^ Pm+n-l(r) 

Pm+l(r) '' Pm+n(r) 


(1) 


2. In order to prove this result, we shall first prove the following lemmas : — 


Lemma 1. The functions pJx) satisfy the following relation— 

(n+r)p,(r) ^ (n+r+hr-l)p,.-i{r)+hrpj^-l), (»>l) .. (2) 

This is proved easily by multiplying (1) by and differentiating. A little 
rearrangement gives (2). 


Lemma 2. The functions p„(r) satisfy the inequality 

Pnir) Pn-^ijr) . »«=!, 2 ; 

Pn+i(r) Pn-r%i.r) ’ r « 1, 2, 

* 


.. (3) 
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To prove this we observe that from the known relations 

Po(r)=h', 

n 

X = 0 

wc can prove the inequality (3) by induction on r. For r = 1, the inequality is 
easily verified. 


3. Proof of the> main Theorem : 

(i) Write 

»=Pmir)IPm+l(r)> 


Then 


n-l 


(a— :)P(2) = aPn(r)- |^2 { J * 

By Lemma 2, 

BO that for 1 3 1 < a, 

i»-i 

2 {/’»<•+ *('’)-«iW*+iW) z*+*+P«+»(r)«’*+»| <ap„(r). 


pfn+k{r)-ctp^+k+i{r) > 0, 


A*=0 

Hence 

)(a-z)P(2)|>0 

i.c. alt the zeros of P(z) lie in | 2 1 > a. 

(ii) Now put 

p - Pm+n-l(r)/Pm+n(r) 

and let 


<j(z) « z*P =: 6o2"+*i 3""^H h6|.. 

Then for ( 2 1 < 1, 

|{1-2)(/(2)|>6,-| {(6,-6,_i)z+....+(6i-6o)*"+&o2*+^} I >0. 

since by lemma 2, 6, > 6,_i, (r s= 1, 2, . . . . , n— 1) and Thus | g{z) | > 0 

if 1 2 1 < 1 and hence j P{z) | > 0 if 1 2 1 > j8. 

Hence the zeros of P{ 2 ) lie in a < j 2 1 < 

4. Lastly in a similar order of ideas, we shall state the following theorem : — 
Assume that o„, c* arc each > 0, n > 0, and that 

c^>«.-ic«+i. for m>l. 


c "-*")( 2 “ 2 

• 0 / V)» = 0 / »»»0 


A.2". 


Put 
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Then for wi = 1, 2, 

This theorem is easily proved on observing that 


m 

A«0 


This theorem is more general than a Lemma of Polya (1960). 

I take this opportunity to thank Prof. S. M. Shah for his kind suggestions. 


Abstract. 

An attempt is made in this paper to consider the zeros of sections of the power series 


expansion of 


C^y 


where r is a positive integer and h > I, The rosult is connect od 


\"ith an interesting theorem of Polya, 
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SKELETON OF CYPRINOID FISHES IN RELATION TO 
PHYLOGENETIC STUDIES. 


III. The Skull and other skeletal structures of Homalopterid Fishes. 

By L. S. Ramaswami, Senior Research Fellow^ Department of Zoology^ 

Central College, Bangalore. 

(Communicated by Dr. S. L. Hora, D.Sc., F.N.I.) 

{Received July 10, 1951\ read January 1, 1952.) 


Introduction. 

• In a comparative account of the skull of a few Homalopterid species and of a 
Gastromyzonid example given by me (Ramaswami, 1948), it was pointed oxit that 
the phyJogeny of the Homalopteridae including the Gastromyzonidae could not be 
discussed as I had not examined the Cyprinid and Cobitid genera w4iich are the 
probable progenitors of the two groups. 

Subsequently a number of Homalojiterid and Gastromyzonid genera was made 
available to me by Dr, S. L, Hora, Director, Zoological Smvey of India, Calcutta, 
and I thank him for the generous gift of the material. I propose to examine four 
genera of Homalopteridae {sen. stric.) and place on record their cranial and other 
osteological characters with a view to elicit their origin and affinities. 

Segemehl (1891) examined one species of Homaloptera {ocellata C.V.) and w'hile 
pointing out its Cyprinid and Cobitid affinities, he cautiously refrained from coming 
to any conclusions with regard to the relationships of the Homalopteridae as the 
examination of a single species would not waixant any generalizations. In this 
coimexion, it may also be mentioned that Regan (1929) considered the Homalop- 
teridae widely d&erent from the Cobitidae. More recently Berg (1947) described 
the family Homalopteridae as comprising the Homalopterini and Gastromyzonini. 
But Hora (1960) established by an examination of external characters that the 
original Homalopteridae including Gastromyzonidae should be split up into two 
independent families, — ^the Homalopteridae and Gastromyzonidae, as was envisaged 
by him previously (Hora, 1932). Among the Homalopteridae according to Hora 
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(oj). cit.), the gonuB Homahyptera is generalised and formed the ‘starting point for 
the different and ultimate evolution of the other genera’. By a study of the scale 
structure, Law (1960) however, pointed out that Homaloptera was probably a 
heterogeneoiLs assemblage of forms and that ‘different forms of Hontalopiera seem 
to have given rise to various types of Homalopterine genera’. 

Material. 

The following species have been studied by me : 

Uomaloptera zollingeri Bleeker; H. amphisqvamata W. & de B.; H. Umardi 
Hora & Tweedie; II. rupicola Prashad & Mukherji; Balitora brvcei Gray; 
Balitora brucei var. mysorenais Hora; BJutvania australis Jerdon; Lep~ 
turichthys nicholsi Hora. 


Observations. 

The ethmoid region. — In the genera of Homalopteridae examined, the supra- 
ethnioid portion of the ethmoid is broad'and is firmly articulated with the frontals 
(ligs, lo-ht, .‘Ic fr) posteriorly as in the cyprinids. There is a median anterior 
pridongation of it as in Psilorhynchus (RamasM^ami, 19526) which may be pointed 
as in Balitora (ilgs. la, 16 p) or expanded as in Homaloptera and Lepturichthys (figs. 
2a, 3a, 3s, 4a p). This pointed or ex])anded prolongation is also seen in the ventral 
UHi>ect (figs. 16^6 p); the ethmokl is also noticed on the same aspect (bgs. 
16-46 et) with whose lateral surfac'o the palatine (pal) articulates in Balitora, Lep- 
turichthys, Homaloptera zoUingen, II. leonurdi and Bhavania. In H. amphisquamata 
peculiarly the palatine ((lg.s. 3a, 36 pal) does not articulate with the ethmoid since 
the anterior prcetlunoid (pet) is elongated and thus keeps out the ethmoid. More- 
ov’^er, in the same speci<*s, the supraethmoid is not broad enough so that the 
articulation of the elongated preethmoid Avith the ethmoid is clearly visible on the 
dorsal asitoct. Sagemehl (1891) delineated an elongated second preethmoid 
(sciptoniaxilla, according to him) in IIonialoqHera ocellata (fig. 1, Plate 18). Further, 
unlike the Gastroinyzonidac, not a single species of Homalopteridae shows a slender 
suimiethmoid portion which is therefore uniformly broad in all the genera examined. 

Articulating with the ethmoid and prevomer laterally in the Homalopteridae, 
there is a small rounded bone which has been called by previous authors like 
Sagemehl (1891) and Regan (1911) a ‘ septomaxillary ’. Slaving taken into account 
the inappropriatencss of the term for the bone, I labelled it as the anterior process 
of the ethmoid in my iirevious paper on the Homalopterid skull (Ramaswami, 
1948). Regan (1911) describing the occurrence of this bone in Cj^riniformes, 
noted that it was firmly united with the prevomer and that it articulated, directly 
or otherwise, w'ith the maxilla anteriorly. Later Starks (1926) in describing the 
ethmoid region of fish skull employed the term ‘preethmoid’ for describing this 
nodule of bone in forms like Misgurnus etc.; in the Indian cyprinids examined by 
me, the bone occurs prominently and further, I have already used the term in 
describing the bone in Oyrinocheilus (Ramaswami, 1952a) and Psilorhynchvs 
(Ramaswami, 19526). 

In the Homalopteridae, as in the Cobitidae examined by me, the preethmoid 
not only gives articulation laterally to the palatine but also to a rod of bone in 
front [called ‘submaxillary’ by Sagemehl (1891) and Regan (1911)] which connects 
it with the maxilla anteriorly. In my previous paper (Ramaswami, 1948) I labelled 
this rod of bone the preethmoid as it was disposed in front of the ‘anterior process’ 
of the ethmoid, 

A study of the skull characters of the Cobitidae has enabled me now to 
speculate upon the possible origin of the preethmoids. It is noticed that in* the 
Cobitidae like AcanthopMhalmua, Miagumm, Somileptes etc., there is an elongated 



preethmoid intercalated, articulating with the maxilla anteriorly by a facet and 
posteriorly by facets with the prevomer ventrally, and the palatine dorsally. If 
this bone splitted horizontally, it would give rise dorsally to a bone situated between 
and articulating anteriorly with the maxilla and posteriorly with the palatine, 
called by me prepalatine in the present paper, and ventrally to one which articulates 
anteriorly with the maxilla and posteriorly with the prevomerine projection;' this 
will be the new preethmoid. Such a condition is met with in Botia, one of 
the cobitidinid examples where a prepalatine and a preethmoid are noticed. 
Sagemehl (1891) however, described similar bones in the cobitid forms studied by 
him as ‘submaxillaries’. 

In the Homalopteridae it is very likely that the bones labelled by me 
prepalatine and preethmoid have arisen in the same way as in the Cobitidae. If so. 
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Text mo. lo, 16 . Dorsal and ventral views respectively of the skull of Balttora truest var. 

myaormtia Hora; in fig. la the maxUlae are gently pulled apart. 


the Cobitid||||t and the Homalopteridae having taken their origin from a cyprinoid 
ancestor him evolved on pari^el lines. Thus it may be that the first formed 
preethmoid m the early Cobitidae and of the Homalopteridae elongated and then 
gave rise to the {nrepalatine and preethmoid bones. 

Ptobably to increase the mobility of the anterior region, some ancestral cobitids 
and homalopterids developed a second preethmoid as an apophysis of the antero* 
lateral ethmoid region (sometimes the anterior extension of the prevomer also 
taking part with the latter) with which the first preethmoid i.e. the preethmoid 
formed by the splitting of the bone referred to in Acanthophthalmua, etc., commenced 
to' artioi^te. The preethmoid of the cyprinids therefore, may be homologous 
with the elongated &st preethmoid and not with the second preethmoid of the 
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present day Cobitidae and Homalopteridae, thou^, at first sight, the latter appears 
topographically comparable with that in the Cyprinidae. » 

it must be pointed out here that the bones labelled by me (Bamaswami, 1948) 
as the lateral rostral and the preethmoid in the Homalopteridae and the Gastro- 
myzonidae correspond to the ‘submaxillaries’ of Sagemehl (1891); Began (1911) and 
Gregory (1933) also referred to them in the cypriniform examples described by 
them retaining the same nomenclature as Sagemehl. I avoided the term ‘sub- 
maxillary’ since topographically the bones are not disposed ventrally to the maxilla 
and therefore, the term ‘submaxillary’ W'as not justifiable. I have therefore 
ventured to de.signatc in my present paper the bone articulating with the antero- 
lateral corner of the ethmoid and of the prevomerine projection as the second 
preethmoid (figs. la-4a, 16-46, 3c pet2) and that in front of it, as the first preethmoid 
(pet). The other bone sitting on the first preethmoid and articulating with the 
palatine facet, which was labelled ‘lateral rostral’ on purely topographical grounds 



Text fig, 2a, 2b, Dorsal and ventral views respectively of the skull of Homalopiera zoUingeri 
Bleaker ; the supracloi thrum is shown on one side only. 

by me (Ramaswami, 1948), I now describe as the prepalatine (figs. la~4a, 16-46, 3c 
ppa), a term which has already been emploj’^ed by Starks (1926) for describing a bone 
in similar location in Siganvs studied by him. 

There is usually a ligament passing from the prepalatine to facet (figs. 
2a, 3a ppp) of the maxilla where the prepalatine articulates. In Balitora brucei var. 
mysorensis there is a small sesamoid bone (fig. la sb) in front of the prepalatine (ppa). 

The premaxilla of the Homalopteridae (figs. la-4a, 16-46, 3cpmx) resembles that 
in the Cyprinidae. There is a dorsal rostral process (rpp) disposed dorsally to the 
median rostral (mr). In H, amphisquamata the rostral process (figs. 3a, 36 rpp) 
extends beyond the median rostral (mr) and in H. rupicola (fig. 3c rpp) it rests on 
the anterior end of the supraethmoid. The lateral process may be short and 
expanded as in Balitora (fig. 16 pmx) or may be elongated as in Homaloptera (figs, 
26, 36, Up), Lepturichihys (fig. 46. Up) and Bhavania, 

2B 
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The homalopterid maxilla shows all tke processes noticed in that of the 
cyprinid, viz., the dorsal premaxillary process (figs, la-4a, 16-46, 3c dpm), the yentra. 
rostral process {rpm), the lateral process for the ligament of the adductor manidbulae 
muscle {pll) and posteriorly the prominent projections for the articulation of the 
prepalatine (ppa) and the first preethmoid (pet). However, in the cypiini^, the 
maxilla on the posterior face shows one or two facets; one of them is directed 
towards the preethmoid and the other towards the palatine. In LeptuTichthys, 
the dorsal premaxillary process (figs. 4o, 46 dpm) is very prominent and mesially to 
it there is a large prominence (pr) whose posterior edge articulates with the first 
preethmoid (pet). In the ventral view of the skull the anterior portion of this 
prominence is visible as a small projection (fig. 46 pr) mesially to the dorsal pre- 
maxillary process (dpm). 

The prevomer (figs. 16—46 pv) is noticed ventrally as underlying the ethmoid 
(et) and parasphenoid (pas) bones. Anterolaterally, the prevomer articulates 
with the second preethmoid (pet2)\ in H. amphiaquamata alone it is broad (fig. 
36 pv) and the posteromedial limb is also short. 

The lacrimojugal of the Homalopteridae while agreeing topographically with 
the lacrimal of Cyprinidae, is comparatively longer, probably formed by the fusion 
of a lacrimal and a posterior jugal and hence the term lacrimal is not used here. 
The bone (figs. lffl-4a, 16-46, 3c Ij) is very large and in Balitora and Lepturichthys, and 
there is in front of it one (figs, lo, 16, 3c ros) or more sensory canal bones. In the 
latter example, I have labelled a bone (figs. 4o, 46 ros) as corresponding to the rostral 
of Balitora and associated with it mesially, there are two other sensory canal bones, 
probably also rostral derivatives. In H. amphisquamata, and H. leonardi the long 
lacrimojugal (figs. 3a, 36 Ij) is not so closely associated with the canal bones as in H. 
zollingeri, so much so, it is diflicult to say of the exact extension of the rostral if the 
latter exists at all in front of the lacrimojugal. 

The lateral ethmoid (figs. la-4a, 16^6 3c let) separates the anterior olfactory 
region from the posterior orbital region. Dorsomesially it is in contact with the frontal 
(fr) and ventrally with the ethmoid (et), the orbitosphenoid and sometimes with the 
supraorbital and the second preethmoid. The lateral extension of the bone is in 
contact with the suborbital sensory canal ossicles and also the lacrimojugal, and 
projects both anteriorly and posteriorly ; in Lepturichthys and Balitora, the lacrimo- 
jugal process of the lateral ethmoid (figs. 4a, 46 Ije) is very much longer than the 
posterior process of the same. In H. amphisquamata the processes are short and 
blunt (figs. 3a, 36) and in H. zollingeri (figs. 2a, 26), H. rupicola (fig. 3c) and Bhavania 
the processes are better developed; in H. leonardi, they are long and broad. In fl. 
ocellata also Sagemehl (1891) showed these processes as well developed. 

It may be useful to describe the palatine here though it belongs to the jipper 
jaw. The palatine (figs. la-4a, 16-46, 3c pal) of the Homalopteridae d^ers from 
that in the Cyprinidae in a very important feature. While as in the Cyprinidae, the 
palatine shows a prominent process (either pointed or rounded) (epp) towards the 
anteromesial process of the ethmoid (et) and articulates mesially with the second 
preethmoid (pet2) and the ethmoid (et) and posteriorly with the entopterygoid (ept), 
there is however, no direct articulation with the maxilla as in the cyprinids. This 
is because, in the Homalopteridae, the elongated first preethmoid and the pre- 
palatine are intercalated between the maxilla (ppm) and the palatine (pal). 

While in Lepturichthys, Balitora, Bhavania and H. zollingeri the prepalatine 
articular facet of the palatine is small, in H. amphisquamata (figs, 3a, 36) it is 
comparatively larger. In addition in Lepturichthys, H. zollingeri, H. rupicola and 
Balitora the palatine shows a prominent anterolateral process (figs. la-2o, 16-26, 
4a-46 Ipa) projecting towards the lacrimojugal (ij) which I have therefore, called the 
lammojugal process. In H. leonardi peculiarly this lateral lacrimojugal process 
comes in contact with the lacrimojugal anteriorly and the posterior articulation of 
the prepalatine is also noticed at this region. Thus a separate prepalatine articular 
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facet of the palatine is not seen in H. honardi. A lacrimojugal process has also 
been seen in a few cyprinid genera like Cirrhina and Aspidoparia studied by me. 
In all the Homalopterid examples studied by me, it is noticed that there is a liga- 
mentary connexion between the lacrimojugal and the palatine process. In 
Bhavania and H. amphisquamata this lacrimojugal process is absent. Peculiarly 
in H. amphisquamata the mesial articulation of the palatine is not with the second 
preethmoid and the ethmoid as in the other Homalopteridae, but with the elongated 



Tbxt no. 3a, 36. Dorsal and ventral views respectively of the skull of Homaloptera amphi- 
sqtMmata W. & de B.; the supraorbital sensory canal ossicles are shown 
on one side only and the posttemporal is drawn on the left side of the 
dorsal view only. 

,, 3c. Dorsal view of the skull of Homaloptera rapioaia Frashad and Mukherji; 

the posttemporal is shown on one side only. 

second preethmoid only which on accoxmt of its elongation has kept out the ethmoid 
as already remarked. 

A pair of slender elongated nasal bones (figs. la-4a, 16-46, 3c ») is noticed 
laterally to the ethmoid in the Homalopteridae as in the C^rimdae. 

The median rostral . — ^In LepturicMhya, the dorsal aspect of the median rostral 
(fig. 4a mr) shows a deep depression and the rostral limbs (rpp) of the premaxilla 
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are noticed over this depression; there is also a short ventral projection from the 
median rostral While in the other examples of Homalopteridae studied, 

the rostral processes of the premaxillae rest on the dorsal aspect of the median 
rostral, in H. rupicola, they rest on the supraethmoid part. In H. amphisquamata 
(figs. 3a, 35) there are two lateral processes for attachment of the ligament from 
the ventrolateral process of the maxilla. Obviously the median rostral shows 
variations in its structure within the family itself. 

The orbitotemporal region. — On account of the general depression of the head, 
the frontals (fi^. la-4a, 15-45, Zcfr) and parietals {pa) are large. In Homdloptera, 
however, the widening of the frontals is not so great as in the other examples, parti- 
cularly in the region of the lateral ethmoid. The lateral extensions of the frontals 
become visible in the ventral aspect also; this is seen to the maximum extent in 
Lepturidkthya (fig. 45 fr). In H. rupicola there is a large frontoparietal fontanel 



Tkxt no. 4a, 46. Dorsal and ventral views respectively of the skull of Lepturiehthye niehoUi 
Hora; the supracleithnun is shown on one side only. 


(fig. 3c fpf) and this is the only instance among Homalopteridae where such a 
fontanel has been noticed by me. An extraordinary development of the frontals 
is also seen in imrelated forms like Oyrinocheilna (Ramaswami, 1952a) and Parapailo^ 
rhynchua and Pailfirhynchua (Ramaswami, 19525), which are also hillstream or 
sand-burrowing forms. Flanking the frontals there are the supraorbitals (figs. 
Ia-4a, 15-45, 3c am) very poorly developed in H. amphiaqnamata (figs. 3a, 35 am). 
However, in Chyrinocheilua (Ramaswami, 1952a), the supraorbitals are completely 
wanting. 

Ventrally the orbitosphenoids (figs. 15-45 os) and the pleurosphenoids (pfe) 
are prominent; the former bone is the larger of the two in all the examples studied 
except in H. omphiaqmmata (fig. 35 pla) where the pleurosphenoid^ is also we^ 
developed. In H. oceUata (Sagemehl, 1891) the pleurosphenoid (alisphenoid) is 
ve^ small. In Bhavania, BalUora, H. zoUingeri, H. Uonardi, H. rupicola and 
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Leplurichthys the optic foramen is situated posteriorly accommodated between 
the orbitosphenoid (os), the pleurosphenoid (ph) and the parasphenoid (pas). In 
U. amphisqnamata the optic foramen (fig. 3& of) is situated between the orbitosphe- 
noid (os) and the pleurosphenoid (ph) and the parasphenoid (pas) does not 
contribute to bounding the foramen. The anterior extension of the parasphenoid 
(pas) i?i tliis species is very broa<l w'hen compared with the other examples studied. 
In H. ocelkUa (Sagemehl, 1891) the parasphenoid bounds ventrally the optic foramen 
and is not broad. 

In H. zollinyeri the tAvo orbitosijhenoids (fig. 26 os) meet mesially and there is a 
slight projection from the parasphenoid meeting the united orbitosphenoids forming 
an interorbital septum. In no other Homalopterid do we notice an interorbital 
septum. Sagemehl (1891) also referred to the complete absence of an interorbital 
septum in Homiloptera ocellaiea. 

' In the Horaalopteridae, the parasphenoid (figs. 16-46 pas) is broad posteriorly 
and narrow anteriorly except in If. amphisqnamata (fig. 36 pas) where it is also 
broad anteriorly. 

In each bulbus oculi, there is a pair of large cup-shaped sclerotic bones. 

The auditory region . — The auditory region of the Homalopteridae exhibits 
certain fundamental differences from the same in the Cyprinidae. The auditory 
capside is formed by the sphenotic (figs. 16-46 sph), the pterotic (pte), the epioric 
(epi) and the prootic (pro)-, roofing this region there are the parietals (pa) and 
fi)rming the floor of the same, the posterior part of the parasphenoid (pas) and the 
basioocipital (ho) are seen. There is no frontoparietal fontanel in the examined 
genera of Homalopteridae except, however, in H. rupicola, as noticed in Cobitidae, 
in Cato-itomus (Gatostomidae), in (’yprinus and Amblypharyngichthyes (Cyprinidae) 
and Homnloptera (Sagemehl, 1891). Nor is there an ethmoid-frontal fontanel in 
the Homalopteridae as in Tsilorhynchus (Ramaswami, 19626). In Bhavania, 
Balitora (figs, la, 16 soH) and Homnloptera (figs. 2o, 3a, 26, 36, 3c) connecting the 
supraorbital sensory canal (soc) A»ith the temporal (tc) there is a triradiate canal 
bone (sog, to). In Homnloptera, connecting the supraorbital (soc) and the triradiate 
sensory canal bones (to), thero is a small independent canal ossicle (ios) sitting on 
the sj)henotic (.s’p) anteriorly, or as in Balitora (fig. lo), it may be disposed 
posteriorly on the sphenotic establishing connexion between the triradiate ossicle 
and the temporal canal. In Lepturichthys (figs. 4a, 46) there are two independent 
ossicles (ios, ios') establishing connexion between the supraorbital and temporal 
canals. In H. rupicola and H. leonardi the supraorbital limb of the triradiate 
ossicle (fig. 3c sol) reaches the aboA'-e canal and therefore, there is no independent 
ossicle as in the other species of Homnloptera. It is important to note that the 
sensory canal does not pass through the sphenotic bone in these examples as it 
does in the pterotic region. 

Posteriorly there are tAvo canal ossicles on the pterotico-epiotic region in all 
the Homalopterid examples studied except in H. zollingeri. One of these is larger 
(figs, la, 3a, 3c, ste) and mesial in position coimecting the temporal canal with the 
occipital canal. In my previous paper (Ramaswami, 1948), I had labelled this 
bone the anterior extrascapular and after examining the Indian C3rprinidae, I find 
that it should be more correctly called the supratemporal. The lateral ossicle 
(figs, la, 16, 3a, 3c les) establishes connexion between the temporal (tc) and lateral 
line canals and this is the extrascapular. Posterior to these two, there is a small 
1 "^hich sits upon the epiotic (epi) and the supracleithrum (scl). I had 

labelled this as the posterior extrascapular and the supracleithrum as the post-temporal 
in my previous paper (op. cit.). They should be correctly called the post-temporal 
and the supracleithrum respectively. A part of the occipital canal, it is noticed 
m the Homalopteridae, runs in the parietal bone also. 

In H. zollingeri the supratemporal appears to be absent and the lateral extifa- 
scapular and the post-temporal seem to hav^e fused to form a U-shaped bone (figs. 
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2a, 2b Ipt). This is a peculiar modification of the lateral extrascapular and the post* 
temporal. Ventrally the subtemporal fossa (figs. 16-46 slf) is conspicuoiuly 
noticed. It may be bounded by the prootic, the pterotic, the epiotic and the 
exoocipital {H. zolKngeri, Lepturichthys, Balitora and Bhavania) or it may be seen 
largely as a depression in the pterotic (H. rvpicola, H. amphisqumata). In all these 
oases the roof of the subtemporal fossa is formed by the pterotic and epiotic bones. 
In H. leonardi the roofing pterotic wall is thin laterally to the epiotic and moreover, 
where the temporal canal passes into the supraoccipital one, there is no ossification 
surrounding the canal so that through these orifices or gaps, one could easily pass 
a bristle into the subtemporal fossa from the dorsal aspect. From the ventral 
aspect, these gaps and the temporal and occipital canals can be easily made out 
through the deep subtemporal fossa. It may not be out of place to mention here 
that in the Cyprinid examples studied by me, the post-temporal does not convey 
the sensory canal nor does it show only one articulation with the auditory region 
in the majority of forms. 

The occipital region shows certain interesting features. The supraoccipital 
(figs. la-4a so) excludes the exoccipital from forming the roof of the foramen 
magnum. The supraoccipital may project posteriorly in the form of two prominent 
processes as in Balitora (figs, la, 16 snp), H. leonardi, H. aniphisgvaniata (figs. 3o, 36 
syp) and Bhavania or as blunt projections as in Lepturichthys (figs. 4a, 46 sup) or they 
may be absent as in H. zollinyeri and H. rupicoUt. The exoccipitals are not visible 
dorsally except in H. zollingeri (fig. 2a eo). The lateral fenestra so commonly seen 
in the exoccipitals of catostomids, cyprinids and cobitids is absent in the Homa- 
lopteridae, a fact also recorded by Sagemehl (1891). The basioccipital (figs. 16-46 
bo) shows a prominent condyle (con) which may be projecting as in H, zollingeri (fig. 
26 con) and the pharyngeal processes so commonly met with in the Cyprinidae are 
absent. However, in Lepturichthys (fig. 46), the basioccipital shows a pair of lateral 
projections (php) and the aorta does not run dorsally to these projections. 
Sagemehl (1891) also noted the absence of the pharyngeal processes in the Homa- 
lopteridae. 

In a median sectional view of the auditory region of the Homalopteridae, an 
interesting feature is noticed. While in the cyprinid Labeo, a portion of the pterotic 
is visible in the mesial view, showing the anterior opening of the lateral semicircular 
canal, in Bhavania which I have sagittally bisected and studied, it is kept out. In 
Bhavania, the openings of the anterior semicircular canal are noticed in the 
sphenotic, those of the lateral and posterior semicircular canals in the sphenotic 
and epiotic. 

The upper jaw. — ^The upper jaw shows certain features in which it stands apart 
from the cyprinid one. The operculum (figs. 5a-6d op) is generally elongated 
anteroposteriorly and the upper edge of it may show two prominent processes. 
In describing the catostomid opercular series. Nelson (1949) delineated in the upper 
border of the operculum a posterodorsal auricular process and an anterodorsal 
opercular arm and a small articular process just above the articulation with the 
hyomandibula. In all the Homalopteridae the opercular arm is prominent and 
while the auricular process is rounded in H. amphisquamata, it is more pointed in 
H. zollingeri, H. rupicola, H. leonardi, Balitora and Lepturichthys. A lower articular 
process is not developed in the Homalopteridae. The metapterygoid {mp) has a 
prominent posterior process (pmp) which lies laterally to the hyomandibula 
\hy). It shows also a prominent ridge (ri). The ectopterygoid {ecp) projects in 
front of the quadrate (q) ventrally to the entopterygoid (ept). The entopterygoid 
(ept) shows a prominent articular facet for the palatine (apa) and in ff. amphi- 
squamata a prominent ridge (fig. 6c rV) is also seen. In H. rupicola and H. leonardi 
the entopterygoid is bent at right angle laterally from the ridge. The ssrmpleotio 
(fi^. 6a-5d sy) is^ large and I labelled this bone the ‘posterior ectopteiygoid’ in my 
previous paper (Ramaswami, 1948). At the time I argued that in Bhavania the 
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bone which I labelled symplectic showed no sensory canal in it and therefore, it 
could not be a preopercular and I accordingly called it the symplectic. Having 
studied a large number of forms, I hasten to correct the nomenclature previously 
employed and the bones labelled symplectic and posterior ectopterygoid in Bhavavia 
Baliiora and Gasiromyzon (Ramaswami, 1948) must now be read as preopercular 
and symplectic respectively. There is a set of two independent sensory canal 
ossicles (fig. 6b sc) in front of the preopercular (pop) in J?. zollingeri^ JBT. rupicola 
and H. leonardi or a set of six sensory canal ossicles (fig. 6c sc) ventrally to the 
preopercular (pop), the first one being disposed on the lover portion of the hyoman- 
dibula as in H, amphisquamata. While in H, zollingeri and H, rupicoUi the 



Text fig. 

5a, 


>> 

56. 



5c. 


ft 

6d. 


*» 

5e, 

fi/. 

>> 

5g, 

5h. 


6i, 

5j. 


Lateral aspect of the upper jaw of Balitora bntcei var. myecrensis Hora. 
Lateral aspect of the upper jaw of H, zollingeri Bleeker. 

Lateral aspect of the upper jaw of H, amphisquamata W. & de B. 

Lateral aspect of the upper jaw of Lepturichthys nicholsi Hora. 

Lateral and mesial aspects respectively of the lower jaw of H, zollingeri 
Bleeker. 

Lateral and mesial aspects respectively of the lower jaw of H. amphisquamata 
W. & de B. 

Lateral and mesial aspects respectively of the lower jaw of Lepturichthys 
nicholsi Hora. 


preopercular carries the sensory canal in it, in H, amphisquamaia the preopercular 
is free of it and the chain of six ossicles referred to above carries it into the lower 
jaw. In Balitora and Lepturichthys the preopercular (figs. 6a, 6d pop) has a large 
sensory canal ossicle (sc) in front of it. The posterior process of the quadrate (pq) 
is very large in these two genera while in Homaloptera (figs. Bb, Be pg), it 
is comparatively smaller. 

The palatine has already been described. 

The lower jaw . — ^Each ramus of the lower jaw shows the four bones, viz., the 
angular (figs. 6e-Bj an), the retroarticular (ra), the dentary (de) and the medial OBO 
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(figs. 5f, 5h) or two (fig. 5j) sesamoid angtdars (so). Peculiarly, there is a passage 
(figs. 5/, 5h, 5j pa') in,the angular (on) covering Meckel’s cartilage. I have already 
descril^ this passage as a sensory canal in Bhavania and Baltiora (Bamaswami, 
1948). 

The hyobranchial apparatus. — Certain interesting features are noticed in the 
hyobranchial apparatus of the Homalopteridae. In the hyoid cornu there is a 
median bony piece (figs. 6a, 66 bh') connecting the two cornua and dorsally to this, 
there is a Y-^aped basihyal {bh). Probably the ventral piece is also a part of the 
basihyal. There are two pairs of hypohyals (hh\, hh2) and the posterior one in 
each shows a spinous projection posteriorly. There are three pairs of hypobranchs 
(^1, 66r2, A6r3) as in the Cyprinidae and three copulae (cl, c2, c3); the first two 
oopulae are cruciform in Homahptera and Balitora while in Bhavania and Leptur- 
iehthys (fig. 66 cl, c2) they are irregular in outline. The original cartilaginous 
reminiscences {cep) have been drawn in the figures wherever they were seen clearly. 

There are two pairs of pharyngobranchs (figs. 6a, 66 phl2, phM) connected 
together by cartilaginous epiphyses. These pharyngobranchs probably represent 



Tbxt no. 6a, The hyobranchial apparatus of H. amphisqtiamcUa W. & de B. 
,, 66. The hyobranchial apparatus of Lepturich^ys nicholai Hora. 


the united first and second, and the third and fourth pharyngobranchs respectively. 
The fifth ceratobranch (c6r6) carries teeth which are regularly arranged. 

The parahyoid is winglike and is attached anteriorly to the hypohyals by a 
pair of strong ligaments and the bonb is thin and long posteriorly. 

The Weberian Ossicles. — ^The gasbladder in the Homalopteridae is completely 
divided into two, and the two parts are, however, connected by a commissure 
posteriorly. The divided gasbladder and the posterior commissiure are all encased 
in bone. In the structure and disposition of the gasbladder and the associated 
Weberian ossicles, the Homalopteridae resemble the Nemachilini (Cobitidae). 

Projecting posteriorly from the commissural portion in H. leonardi* there is a 
long posterior portion of the gasbladder reminiscent of the conditiem seen in the 
Clj^rinidae or that in the cobitid. Nemachilus (Chranilov, 1927). In H. zoUingeri 
also there is a posterior bag which, however, is small (fig. If pgb) and oval in outline. 
In other species of Homah^ra as also in the other genera of the family examined 
by me, tUs posterior portion of the gasbladder is absent. Sagemehl (1891) did 



* 1 have examined only one iQ>eoim«a and I do not know if this is an individual variation. 
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nob refer to a posterior sac in H. ocelkUa and obviously it must have been absent 
in it. > 

In the Nemachilini (Cobitidae) according to Chranilov (1927) the first four 
vertebrae take i)art in the formation of the capsule and the Weberian ossicles. The 
ribs and transverse processes of the second vertebra form the anterior wall of the 
capsule; the remaining covering of the capsule is derived from the ossa and the 
transverse processes of the fourth vertebra. Laterally there is a big gap in the 
wall of the capsule where the gasbladder can be seen projecting. In the Cyprinidae 
there is generally an os suspensorium developed from the mesial aspect of the 
pleural ribs of the fourth vertebra. In the Nemachilini, on the other hand, the 
medial and lowc^r wall of the capsule and also the wall of the transverse canal 
are formed by the ossa siispensoria (Chranilov, 1927). Dorsally the intercalarium 
and the V-shaj)ed tripus are enclosed in the paravertebral space by the extension 
of the pedicel of the united second and third vertebrae. On the ventral aspect, 
there is a mesial <leprossion in which the centrum of the united second and third 
vertebrae, that of the fourth vertebra, the transverse canal and a pair of anterior 
oriticos through wliich the articulation of the mesial limb of the tripus ^^rith the 
united cemtrum of the second and tliird Vertebrae is seen, are visible. 

Watson (19;i9) who studied the development of the Weberian ossicles in the 
goldfish differed from the observations of the previous workers and T have also 
followed the nomenclature employed by Watson in my previous papers. He, 
liowever, did not study the development of a nemachiline or a homalopterid gas- 
bladder where the latter possesses a capsule derived from vertebral parts. Nor 
hav^e I been able to study the development of the capsule or ossicles but I am 
following the deseription of Chranilov (1927) with regard to the capsule and that 
of Watson with regard to the origin of the ossicles. 

If Chranilov's (1927) description of the gasbladder and the Weberian ossicles 
is also applicable to the Homalopteridae, then in this family as in the Nemachilini, 
tlie first four vertebrae take i)art in the formation of the bony capsule and also the 
Weberian ossieh's. The anterior part of the capsule is partly formed by the dorsal 
ribs* (the transverse processes of Chranilov) of the second vertebra and in front of 
this, the small centrum (figs. 7a, lb, Id-lg c'l) of the first vertebra with a pair of 
dorsal ribs (^/rl) is seen. It is difficult to demarcate the contribution of the second 
pleural ribs tow ards capsule formation in the adult. In a form like Psilorhynchus 
(llamasw ami, 19526) wdiero the gasbladder is encased only anteriorly, I have pointed 
out that the capsule is probably derived from the dorsal ribs of the second vertebra. 
It is very likely that the large articulating processes in LepUirichthyfi (fig. 7c (tsl) 
forming the anterior wall of the gasbladder is also formed by the dorsal ribs of the 
second vertebra, probably with a contribution from the third {dr2S). In the Homa- 
lopteridae, the second vertebral neural arch arising probably independently of the 
basidorsals, show^s on either side the claustrum (figs. 7a, 7c, 7c, Ig cl) ; this arch does 
not show a neural spine in the genera examined by me and in Lepturickthy^*i and 
H. zollingeri, the neural spine of the third vertebra projects anteriorly over this. 
The third pedicel shows a dorsolateral extension (fep3)f which covers the paraverte- 
bral space and also a prominent neural arch (t?a3), which like the second has arisen 


♦ Watson (1939) described that the so-called ‘transverse processes ’ were really in the nature 
of dorsal ribs of the piscine vertebra. The referee kindly pointed out to me that the ‘transverse 
processes’, in the Cyprinids at any rate, are the pleural ribs. Not having examined embryonic 
stages of the fish studied by me, I am imable to comment on this. 

t On a comparison of the third vertebral elements of the Cyprinidae and Homalopteridae, 
it is noticed that the structure which I have called a dorsolateral extension of the third pedicel 
in tlie Homalopteridae has been labelled the neural arch in Cyprinidae by Chranilov {1927, fig. 4) 
and Berg (1940, fig. 154) ; the one I have labelled neural arch is considered by them as neural sp^e. 
Peculiarly the socalled third neural arch is not in line with those of second and fourth verteorae. 
However, a study of the development of the anterior vertebrae would throw a lot of light on this. 



BKLATION TO PHYLOQBNBTIO STODIBS — III 


607 


probably independently. The third neural spine may be high and elevated as in 
Homaloptera or become broadened out as in Balitora and LepturicMhys. Posterior 
to the lateral extension of the third pedicel, there is an orifice for the fourth spinal 
nerve (/s4). The united centrum of the second and the third vertebrae (figs. 76, 7d, 
If, Ih c23) is visible on the ventral aspect. In H. zollingeri on the ventral aspect, 
between the capsules and the united centrum, a ridge (fig. 7/ r2) is noticed probably 
contributed by the dorsal ribs of the second vertebra, dorsally to which there is a 
passage; this is not noticed in the other examples studied by me. Further, the 
posterior transverse bony canal in which the commissural portion of the gasbladder 
lies, may be small (figs. 76, 7/ soe) or broad (fig. Id soe) representing probably 
the united ossa suspensoria and the esophageal processes. It is important to note 



Text ria. 7o, 76. Dorsal and ventral views respectively of the gasbladder capsule and the 
Weberian ossicles of Balitora brucei var. mysorensis Hora. 

,, 7c, Id. Dorsal and ventral views respectively of the gasbladder capsule and the 

Weberian ossicles of LepturicMhys nicholsi Hora. 

„ 7e, 7/. Dorsal and ventral views respectively of the gasbladder capsule and the 

Weberian ossicles of H. zollingeri Sleeker. 

„ Ig, 76. Dorsal and ventral views respectively of the gasbladder capsule and the 
Weberian ossicles of H. amphisquamata W. Sc de B. 

that the neural arches of the second and third vertebrae are separate as in Labeo 
(Sarbahi, 1932), Catostomidae (Nelson, 1948) and Oyrinocheilm (Bamaswami, 1952a). 
The fourth pedicel in the Homalopteridae also shows a neural arch (figs. 7a, 7c, 7e, 
Ig na4) which may project as a neural spine (LepturicMhys, H. amphisquamata) or 
as in Balitora, may be covered over by the flattened spine of the third vertebra. 
The centrum of the fourth vertebra (figs. 76-74 c4) is large and usually shows lateral 
winglike extensions (pc4). The remaining posterior part of the bony capsule of the 
galbladder is formed by the dorsal ribs {dr4k) and ossa suspensoria of the fourth 
vertebra. 
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The Weberian ossicles are also based on the nemachiline plan. The claustrum 
(figs. 7a, 7c, 7c, 7gr cl) probably arising independently in the region of the first 
vertebra, articulates laterally with the reduced neural arch of the second vertebra. 
It shows a flat piece (corpus claustri) with which it comes in contact with the second 
neural arch and a cuplike (scutulum claustri) ventral portion which closes a similar 
cup of the scaphium enclosing the atrium sinus imparis. 

The second of the series of the Weberian ossicles is the scaphium (figs. 7a, 7c, 
7c, 7<j sea). This is a modification of the basidorsal of the first vertebra according to 
Watson (1939) in the goldfish, and in the Homalopteridae, the scaphium is in the 
form of a fumiel whose spout is short and solid. The funnel, — ^the concha stapedis, 
forms with the scutulum claustri a case for the atrium sinus imparis. Like that of 
Nemachilus (Chranilov, 1927), the scaphium shows only the processus articularis 
stapedis and also a region where the interosseous ligament (ligamentum incudo 
stapedium) is inserted. An orifice for the first spinal nerve seen in some cyprinids 
and the processus ascendens stapedis are not present in the homalopterid scaphium. 

The intercalarium is a small ossification (sesamoid) in the ligament connecting 
the scaphium and the tripus. Following Watson (1939), it also probably arises in 
the Homalopteridae in the interosseous ligament. In the goldfish, according to 
Watson, the basidorsal of the second vertebra contributes that part of the ossicle 
w'hich articulates with the second centrum. This latter part is absent in the 
Homalopteridae u^dike the Psilorhynchidae (Bamaswami, 19526) and the Cyprinidae. 

The tripus is the last of the series and is derived from the basiventral of the 
third vertebra with the addition of a mescnchymatous mass according to Watson 
(1939). Whether the tripus arises similarly in the Homalopteridae, I am at present 
unable to say. The large tripus with the characteristic three processes seen in the 
Cyprinidae is reduced in the Homalopteridae as in NemachJlini. In the Homa- 
lopteridae, the posterior process is short and laterally disposed coming in contact 
with the gasbladder. The anterior and the articular processes of the tripus are 
cylindrical and the latter process comes in contact with the centrum of the third 
vertebra. 

Having studied the Weberian apparatus in the Gyrinocheilidae and Psilorhyn- 
chidae, I am able to compare the apparatus in these three families. In 
Gyrinoclieilus the triangular tripus is partially covered over by the horizontal 
extension of the third pedicel, the neural arches of the second and third vertebrae 
are independent and the pleural ribs of the second and fourth vertebrae are united, 
thus resembling the condition in the Catostomidae (Nelson, 1948); in the disposition 
of the other structures of the apparatus, Oyrinocheilus resembles the Cyprinidae. 
In Psilorhynchus (Bamaswami, 19526), the gasbladder is incompletely divided and 
each part is covered partially anteriorly by a capsule formed by the dorsal ribs 
(transverse processes of most previous authors) of the second vertebra and this 
condition may be considered as the first step towards the modification of the bladder 
and its capsule noticed in the Homalopteridae. The tripus in Psilorhynchus 
(Bamaswami, 19526), is still triangular and has not become triradiate as in the 
Nemachilini and Homalopteridae but is partially covered by the capsule. 

The basipterygium , — ^Fang (1930) utilised the nature of the basipterygium in 
separating the ‘Homalopterini’ from ‘Gastromyzonini^; according to him, the 
basipterygium of the Homalopteridae possesses a lateral foramen and dorsally at 
the region of the foramen, a modified rib gains attachment by means of a ligament. 
In BcUitora^ Lepturichthys^ and Homaloptera the basipterygium shows the lateral 
orifice but in H, zollingeri instead of a large orifice, there are two small foramina; 
in Lepiurichthys and H, amphisquarnata there is in addition a large anterior foramen 
also. The usefulness of this character can only be judged after examining a few 
more genera of Homalopteridae. 

In the arrangement of the caudal fin skeleton of the Homalopteridae, the 
number of hypurals attached to the last vertebra varies. Ventrally to the urostyle 
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there may be six (Bdlitora, H. amphisquamaia), seven {H. zolUngeri, H. rupicola) 
or eight {H. leomrdi) h 3 qpural 8 . I was not able to study the caudal fin of Leptur- 
ichthys as it was damaged. 

Discussion. 

It was pointed out by Hora (1932) that among the Homalopteridae, the genus 
Homdloptera was very generalised and it formed the starting point for the evolution 
of the other genera of Homalopteridae. 

In the structural organization of the skull, the four species of Homdloptera 
examined by me, viz., rupicola, leonardi, zolUngeri and the much flattened amphi- 
aquanuUa show so much of difiference that to start Avith a genus like Homdloptera to 
study the evolution of other homalopterid forms, it becomes extremely difficult. 
After studying the scale structure of homalopterid fishes. Law (1950) stated that 
‘the genus Homdloptera as constituted at present is probably a heterogeneous 
assemblage of forms’. 

H. amphiaquanuUa stands apart from the other Homalopteridae and also from 
its relatives like zolUngeri, rupicola and leonardi. At least nine important featiures 
could be recounted in which amphiaqucmcOa differs from the other species. They 
ar^: 

(1) the prevomer is short and broad, 

(2) the lacrimojugal is not associated closely with the sensory canal bones, 

(3) the lateral ethmoid processes are short and blunt, 

(4) the median articulation of the palatine is only with the elongated second 

preethmoid, 

(6) the median rostral has two lateral projections for the maxillary 
ligaments, 

(6) the anterior part of the parasphenoid is very broad, 

(7) the optic foramen is between the orbitosphenoid and pleurosphenoid, 

(8) the subtemporal fossa is a depression in the pterotic only, a feature which 

it shares with rupicola, 

(9) the prepalatine articular facet of the palatine is long, 

(10) the palatine does not show a lacrimojugal facet, a feature also shared by 
rupicola. 

In the ethmoid region, the broad supraethmoid portion of the ethmoid is firmly 
articulated with the firontals, a feature also noticed in the Cyprinidae. In H. 
zolUngeri there is a peculiar depression in the anterior end of the supraethmoid 
whose significance, it is difficult to imdersttuid. In H. rupicola, a frontoparietal 
fontanel is noticed. In Psilorhynchus* (Bamaswami, 19526), a similar fontanel 
is noticed in between the supraethmoid and the frontals; in the Cobitidae and a 
few genera of Gastromyzonidae {Vanmanenia, Croasostoma, Olaniopaia) there is a 
frontoparietal fontanel. Though Sagemehl (1891) considered the occurrence of 
the frontoparietal fontanel as without any significance, the hillstream and the 
sand-burrowing forms and other loaches may be having them for serving some 
physiological purpose. 

The median process of the supraethmoid is excei^vely long in H. amphiaqua- 
mata; in Pailorhynchua (Bamaswami, 19526) a similar elongated process is noticed. 

The maxilla of the Homalopteridae shows a very prominent dorsal pre- 
maxillary process; the rostral process of the maxilla almost stretches at right angle 
to the dorsal process and therefore, the fork in which the premaxilla is held is very 
wide. 


• * !ln the Pailorhyrudau speoimens sent to me from Lucknow by Dr. B. S. Kaushiva, I notice 
two fontanels: one between the supraethmoid and the frontals and the other between the frontals, 
parietals and supraoccipital which latter, I have ctdled the frontoparietal fontanel. 
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The rostral process of the premaxilla is very long in H, amphisqnamata, Balitora 
and LejdurichthyH while in H. zollingeri^ it is very short. Inwall the genera the tips 
of the rostral processes come in contact with the median rostral or extend slightly 
beyond but in //. rupicola, the tips rest on the supraethmoid. 

The prcpalatine and the first preethmoid are prominent bones; in H. zolliiigeri 
and Balitora the prepalatine is short. The prepalatine may articulate directly 
with a facet on the posterior face of the maxilla laterally to the articulation with 
the first preethmoid as in Homaloptera and LepUirichthys while in Balitora there 
is a small sesamoid bone intercalated in between. It was pointed out that in order 
to promote greater mov^ability of the ethmoid region, these hillstream forms deve- 
loped a second preethmoid A\ith which anteriorly the first preethmoid articulated 
and laterally, the palatine ; in //. arnphisqnamata the second preethmoid is so large 
that the j)alatine does not articulate with the ethmoid at all. In H, rupicola the 
lacrimojugal process of the palatine comes in contact with the lacrimojugal and at 
this region the prepalatine articulates; there is no separate articular facet for it. 

In the Homalopteridac there is a large lacrimojugal with the sensory canal 
excluded from it; Hora (1032) called it a preorbital bone. It is difficult to say if 
this composite bone is really formed by the fusion of a lacrimal and a jugal since 
in those fossil forms where a lacrimojugal is described (Moy-Thomas, 1937),^ it 
always leads the suborbital sensory canal. While in the cyprinid examples and in 
several other genera also, the short lacrimal is the anteriormost of the suborbital 
series of bones, (ilways canaliculated and leading the suborbital sensory canal, in 
the Homalopteridac the sensory canal ossicles are independent and they may be 
closely ass()ciate<l with the lacrimojugal as in Balitora brucei and H. zollingeri 
or may lie separately. Moreover, the size of the lacrimojugal in the Homa- 
loi)teri(lae is larger than that in the other subfamilies and therefore, I propose to 
call it a lacrimojugal as 1 hav’e already done in my previous paper (Ramaswami, 
1948) for describing the bone following Moy-Thomas (1937). At any rate, 
associated Asith this enlarged lacrimojugal, as already said, there are sensory canal 
ossicles. In H. zollingari^ //. rupicola and H. leonardi three ossicles are noticeable 
v^entraily to the lacrimojugal wiiile in amphisquamata, there are a few by the side of 
the lacrimojugal and an enlarged one extending in front of it. In Balitora there 
is one in front of the lacrimojugal associated Avith a triradiate ossicle. Probably 
the bony ossicle in front of the lacrimojugal or just below anteriorly to it represents 
a rostral (Moy-Thomas, 1937). Sometimes when the lacrimal itself accommodates 
the sensory canal in it as in Psilorhynchus (Ramaswami, 19626), it may be possible 
to call the large one posterior to it a jugal, but in the Homalopteridae, where the 
sensory canal ossicles are independent of the ‘ lacrimal’, nomenclature of the former 
becomes difficult. I have therefore, cautiously labelled the suborbital ossicles by 
the ordinals 1, 2, 3 etc. 

The pre vomer may be narrow with a fairly long posterior process as in H, 
zollingeri^ H, rupicola, //. leonardi, B, brucei, B, brucei var. mysorensia, and Leptur- 
ichthys wliile in H. arnphisquamaia the prevomer is broad with a short posterior 
process. li\ Balitora only, on the dorsal aspect, an anterior extension of the pre- 
vomer is noticed while in all other genera the prevomer does not extend anteriorly. 
In Gyrinocheilus (RamasAvami, 1952a), the prevomer anteriorly gives rise to two 
prominent processes Avith an indentation in between while the posterior short blunt 
process is like that in H, ampUsqnamata. In Psilorhynchus (Ramaswami, 19626), 
the bone extends in front and posteriorly shows a long slender process ; in Para- 
psilorhynchus (Ramaswami, 19526) the bone is broad as in H. amphisquamata and 
shoAvs only a short process. A similar short posterior process has been obseF'&'ed 
by me in a large number of cyprinids studied by me. 

The lateral ethmoid shoAvs a longish lacrimojugal process in Balitora, Bhavdnia 
and Lepiurichthys and a similar shorter process posteriorly. The anterior process 
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obviously supports the lacrimojugal. In HonmUoptera peculiarly the lateral pro- 
cesses are short resembling those in Psilorhynchua and Parapsilorhynehua (Bama- 
swami, 19526) and the other cyprinids studied by me. In Gyrinocheilua (Rama- 
swami, 1952a) the processes are fairly well developed. 

In the orbitotemporal region the frontals are generally broad and on either 
fflde may show the supraorbital as in Balitora, Lepturichthya, H. zolUngeri, H. 
rupicola while in H. amphiaqvamata the supraorbitals are poorly developed. In 
Pailorhynchua (Bamaswami, 19526) the supraorbitals are absent. 

Ventrally there is an exceedingly interesting peculiarity in the orbitotemporal 
region. In Balitora, Leptvrichthya and H. zolUngeri the orbitosphcnoid is fairly 
large and between it and the small posterior pleurosphenoid and the parasphenoid, 
the optic foramen is noticed; in H. amphisquamata the orbito- and pleuro-sphenoids 
are small and they include in between them the optic foramen, the parasphenoid 
being kept out. In Oyrinocheilm (Bamaswami, 1962a) it was noticed that the 
lateral ethmoid also extended posteriorly to bound the optic foramen ; in Pailorhynchua 
and Parapailorhynchua (Bamaswami, 19526) the orbitosphcnoid, pleurosphenoid 
and parasphenoid bound the optic foramen. 

In the auditory region, the homalopterid skull shows certain peculiarities. 
In Balitora and Lepturichthya the dorsal aspect of the skull discloses a large part 
of«the sphenotic and a triradiate sensory canal bone connects the supraorbital and 
posteriorly the temporal canal as in Balitora, or as in Lepturichthya there are two 
independent ossicles connecting the canals; there is also an independent sensory 
canal ossicle sitting on the sphenotic posteriorly in Balitora. In iJ. amphiaquarmta 
and H. zolUngeri the triradiate ossicle establishes connexion with the supraorbital 
by means df an independent ossicle sitting on the sphenotic; in H. rupicola an 
independent ossicle is absent. 

In Balitora, Lepturichthya and H. amphiaquamata connecting the temporal 
canal with the supraoccipital there are two sensory canal ossicles, and connecting 
the former mth the lateral line canal, there is an ossicle. In my previous paper 
(Bamaswami, 1948) I described these throe ossicles as anterior, posterior and lateral 
extrascapulars. The large mesial one corresponds with the supratemporal of the 
cyprinids which nomenclature I am now using; the posterior one is the posttemporal 
wMch connects the supracleithrum with the skull and the lateral one is the lateral 
extrascapular leading the temporal canal to the lateral line. In the Cyprinidae, 
the posttemporal is generally connected to the epiotic and the pterotic regions of 
the skull by two processes of the posttemporal. 

In H. zolUngeri the supratemporal is absent and the lateral extrascapular and 
the posttemporal appear to be united into a single U-shaped canal ossicle whose 
lateral limb connects the lateral line canal while the mesial limb sits on the epiotic. 

There is a well forped subtemporal fossa on the ventral aspect seen 
accommodated between the exoccipital, the prootic and the pterotic in Balitora, 
Lepturichthya and H. zolUngeri ; the epiotic also forms the roof of it. However, in 
JET. amphiaquamata the subtemporal fossa is seen as a depression in the pterotic, 
bone only. In Gyrinocheilua (Bamaswami, 1952a) there is a shallow subtemporal 
fossa; laterally there is also a lateral temporal fossa so far noticed only in this 
example and the Cobitidae by me. In Pailorhynchua (Bamaswami, 19626) also 
there is a shallow subtemporal fossa. 

In the C3^rinidae and the Psilorhynchidae the basioccipital shows a prominent 
pharyngeal process ventrally to the condyle through which the dorsal aorta passes 
and the process is covered by a large horny pad; in Gyrinocheilidae, from the 
posterior portion of the basioccipital, two processes are present which however, do 
not completely enclose the aorta. In the Homalopteridae blunt projections are 
noticed from the posterior portion of the basioccipital in Balitora and Lepturichthya', 
in 'Homaloptera even these blunt processes are wanting ; the absence of the homy 
pad has already been recorded by .Began (1911). 
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In the upper jaw the opercular shows prominently the opercular arm and the 
auricular processes; the sensory canal noticed in the opercular of some Cyprinidae 
is absent in the Homalopteridae. In the hyobrancMal apparatus the basihyal 
consists of two parts: a dorsal Y*shax>ed portion resting on a rectangular one. 
There are uniformly three copulae, three hypobranchs and two pharyngobranchs 
as in the Cyprinidae, The lower jaw shows peculiarly one or two sesamoid angulars 
on the mesial aspect which are also seen in the nemachiline genera examined by me. 
In Gyrinocheilus (Kamaswami, 1952a) there are three phar 3 nagobranch 8 and in 
Psilorhynchus (Ramaswami, 19526) there are only two. 

The palatine normally articulates ventrally with the second preethmoid and 
dorsally the ethmopalatine projection is connected with the median process of the 
ethmoid by a ligament. Anterolaterally Balitora, Lepturichthys and H. zottingeri 
show a prominent process towards the lacrimojugal. Posteriorly the entopterygpid 
articulates with the palatine. 

The Weberian apparatus of the Homalopteridae resembles that seen in the 
Nemachilini and to a limited extent the Psilorhynchidae, The tripus in the 
Homalopteridae is modified into a Y-shaped structure with one of the shorter limbs 
of ^he Y in contact with the ligament and the other articulating with the fused 
third vertebral centrum. The dorsal ribs of the second and fourth vertebrae .are 
BO modiBed as to form a capsule for the divided gasbladder, the two parts of the 
latter being connected by a commissure. Possibly the pleural ribs (ossa suspensoria) 
of the fourth vertebra also take part in the formation of the capsule wall ventrally 
as in the Nemachilini (Chranilov, 1927). With regard to the large supracleitbral 
articular facet of the gasbladder capsule in Lepturichthya, I have hazarded that 
it may have been formed by the dorsal ribs of the second and third vertebrae, 
though the third vertebra is usually described as having no parapophyses or ribs. 
In the Cyprinidae the Weberian ossicles are not enclosed by the extensions of the 
neural arches. 

The Homalopteridae are characterised as fishes possessing no posterior portion 
of the gasbladder. However, I have noticed the occurrence of a short posterior 
one in //. zottingeri and a long one in H. leonardi. In a few Gastromyzonid 
examples like Beauforlia, Protomyzon and Crosaostoma, I have also noticed the 
occurrence of a small posterior portion of the gasbladder. 

A comparative study of the skull structure of the Homalopterid genera 
discloses certain interesting points about their relationships. The Homalopteridae 
show a niunber of Cyprinid features which are as follows: 

(1) the firmly articulated supraethmoid and frontals, 

(2) the maxillae and the premaxillae show the characteristic cyprinid 

features, viz., the dorsal premaxillary process of maxilla, the ventral 
rostral process, and the rostral process of the premaxilla, 

(3) the palatine articulates with the ethmoid and the preethmoid, 

(4) the orbitosphenoid, the pleurosphenoid and the parasphenoid enclose 

the optic foramen generally, 

(6) the occurrence of only four otic bones, viz., the prootic, the pterotic, 
the sphenotic, and the epiotic and the absence of the opisthotic, 

(6) the prootic, the pterotic and the exoccipital accommodate the sub- 

temporal fossa generally, 

(7) the occurrence of three copulae, three hypobranchs and two pharyngo- 

branchs. 

The Homalopteridae {aen. atric.) having taken their origin from an ancestral 
cyprinid stock evolved in a different environment altogether; the genera adapted 
themselves to fast running brooks and as a result, exhibit certain characteristic 
features : 
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(1) Like the head of loaches living in crevices, etc., the ethmoid region of 

the Hotnalopteridae also developed the preethmoids and the pre- 
palatines to obtain greater freedom of movement of the snout but 
the ethmoid remained unaffected, 

(2) The lacrimal, bereft of the sensory canal, increased in size probably 

uniting with a posterior jugal (also without a sensory canal in it) to 
support the snout as a lacrimojugal and Avith a rostral in front, 

(3) The lateral ethmoid developed laterally anterior and posterior processes, 

the former supporting the lacrimojugal, 

(4) The firm articulation of the supracleithrum with the side of the gas- 

bladder capsule has already been noted by previous workers (Hora, 
1932). 

Associated with the characters enumerated above, there are others which 
distinguish the Homalopteridac from the Cyprinidae : they are, 

(1) In the upper jaw, the opercular is elongated in the linear axis of the 

animal, the preopercular is reduced in size and the posterior process 
of the quadrate is large. In addition, generally a set of sensory 
canal ossicles is noticed leading to the mandible. 

(2) In the lower jaw, the sensory canal (?) is peculiarly noticed on the mesial 

side in the angular and not on the lateral side as in the Cyprinidae. 

(3) The divided gasbladder is enclosed in a capsule which is formed by the 

dorsal ribs of the second and fourth vertebrae ; probably the 
pleural ribs also take part in it. The tripus is completely modified 
in its shape; it is Y-shaped with one of its anterior limbs short which 
is connected with the interosseous ligament. The other limb articulates 
with the centrum of the fused third vertebra and the short posterior 
portion of the Y-shaped tripus comes in contact with the 
gasbladder. 

(4) The basipterygium differs in its shape from that in the Cyprinidae. The 

occurrence' of a lateral foramen in the basipterygium which is con- 
sidered as a diagnostic feature of the Homalopteridae by Fang is also 
noticed by me ; in //. zollingeri, however, there are two small foramina 
instead of a large one. 

Sagemehl (1891) who studied the cyprinid skull in great detail pointed out 
that in the possession of the subtemporal fossa and the ‘ labyrinthnische ’, Homa- 
loplera, the only genus which he studied, resembled Barbidae and at the same time 
pointed out also its cobitid affinities in possessing six barbels, in the bones of the 
upper jaw, of the preopercular, and of the gasWadder. Berg (1947) as already 
pointed out, included the Homalopteridae comprising the Homalopterini- and 
Gastromyzonini under the suborder Cyprinoidei (Eventognathi). 

I have studied a number of genera of Cobitidae and 1 do agree with Sagemehl 
that the Homalopteridae resemble the Cobitidae, if by Cobitidae he meant the 
nemachiline subdivision. This affinity according to me is purely due to con- 
vergence and is of little phylogenetic sig^ficance. For, if we assume that nemachdine 
ancestors gave rise to the homalopterid forms, it becomes difficult to explain how 
the slender supraethmoid part of the ethmoid of the former could have become so 
broad in the Homalopteridae where the said bone is uniformly broad as in the 
Cyprinidae; how the very shallow subtemporal fossa of the Nemachilini could 
have given rise to the deep subtemporal fossa of the Homalopteridae like that of 
the Cyprinidae; how the supraorbital which is absent in the Cobitidae could have 
reappeared in the Homalopteridae as noticed in the cyprinids. "While there are 
four copulae in the Nema(Mmi, there are only three in the Homalopteridae and 
Cyprinidae. Therefore, I propose to derive the Homalopteridae from a remote 
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oyprinid ancestor, and the cobitids which also took their origin from a similar cobitid 
ancestor moved on parallelly with the Homalopteridae. 

It has not been possible for me to find out any cyprinid genus which may 
have given rise to the Homalopteridae. But a study of the cyprinid, cobitid and 
horaalopterid skull leaves no doubt that the Homalopteridae evolved from a 
rem^/te cyprinid-like ancestor and moved parallelly with the cobitids. It may not be 
out of place to point out here that the Psilorhynchidae also appear to be evolving to 
show homalopterid affinities. That the Gastromyzonidae show a number of 
features in which they resemble the Homalopteridae is undoubted but the former 
seem to have taken their origin separately altogether and therefore, there is ample 
justification for raising the two subfamilies Homalopterini and Gastromyzonini 
to the rank of families. 


SUMMAKY. 

1. The four species of Homaloptera examined show great structural variations that it is 
not possiblo to trace the evolution of the Homalopteridae starting from a genus like Honia- 
loptera. 

2. Laterally to the ethmoid and provomer, a second preethmoid is developed in the 
Homalopteridae and the elongatt^d first preotljmoid articulates with this. The devolojment 
of this bone is probably to give greater motility to the jaws. 

3. The Homalopteridae show a prominent lacrimojugal and this enlargement is obviodsly 
an adaptation to torrential life. 

4. The subtemporal fossa is large and is accommodated by the exoccipital, prootic and 
pterotic; the epioti<* also roofs it. In H. amphisqvamata the fossa is noticed only in the pt erotic. 

6. TVio typical pharyngeal processes through which the dorsal aorta passes are not noticed 
in the Homalopteridae. 

6. The Weberian apparatus and the gasbladdor resemble the Nemachiline ones. The 
dorsal ribs of the second and fourth vertebrae mostly f6rm the gasblfidder capsule end the two 
halves are connected by a posterior commissure ; it is difficult to make out the contribution 
of the pleural ribs towards capsule formation. Peculiarly a posterior portion of the gasbladdor 
is also seen in H. leonardi and /i. zollingeri, 

7. The Homalopteridae resemble the Cyprinidae in many features but differ from them in 
possessing an elongated ope^roular bone, mesial sensory canal in the lower jaw, the laterally 
divided gasbladdor enclosed in bone and in the structure of the basipterygoids. 

8. It is argued that the Homalopteridae took their origin from a cyprinid-like ancestral 
stock and evolved parallelly with the Cyprinidae; the Cobitidae which arose from a Cobitid stock 
also show many similarities. 
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Lbttbbing. 


an 

angular; 

apa 

facet of the entopterygoid for 
articulation with palatine ; 

apv 

anterior projection of prevomor ; 
articular facet of quadrate with 
lower jaw ; 

articular facet of tho lower jaw 
with quadrate ; 

aq 

aq' 

asl 

articular facet of the capsule 
with the supracloithrum ; 

aup .. 

auricular process; 

bh 

basihyal; 

by 

ventral piece of basihyal ; 

bo 

basioccipital ; 

cl-c3 . . 

copulae 1, 2, 3; 

c3 

ossification posterior to copula 3 ; 

c' 1 

o' 4* . . 

1 centrum of vertebra 1 and 4; 

o23 . . 

united centrum of vertebrae 2 
and 3; 


c6rl 

c6r2 

c6r3 

c6r4 

c6r6 

cep 

chy 

cl 

con 

de 

dpm 

drl 

dr4 

dr23 

e6rl 

e6f4 

eop 

eky 


V ceratobranchials 1-6; 


3 


) 

} 


cartilaginous epiphysis ; 
ceratohyal ; 
claustrum ; 
condyle ; 
dentary; 

dorsal premaxillary process 
maxilla ; 

dorsal rib of vertebrae 1 and 4 ; 


of 


united dorsal ribs of vertebrae 
2and3(?); 

epibranchial 1 and 4 ; 

ectopterygoid; 

epihyal; 
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to 

enp 


epi 

epp 

ept 

et 

fac 


Jo 

>4 

JpJ 

Jr 


g 

hhl 

hh2 

hbrl 

hbr2 

hbr*^ 

hp3 


hy 

vrnh 

iop 

i08 


loa' 


iJ 

lea 

let 

Ij 

Ije 

Urn 

Up 

lop 

Ipa 

Ipt 

lac 

max 

mp 

rnr 

n 

iia2 

ria3 

na4 

ns3 

oa 

oan 

oc 

oebl 

oeb2 

oeb3 

oeb-i 

oec 

oep 

oet 

of 

olrn 

on 

op 

opa 

opet 

opl 

opt 

opt* 


exoccipifcal; 

articular facet of palatine with 
cntopterygoid ; 
epiotic; 

ethmoid process of palatine ; 
ontopterygoid ; 
otlunoid ; 

an articular facet on the ventral 
aspect of maxilla ; 
foramen in gasbladder capsule ; 
foramen for tlio 4th spinal nerve; 
frontoparietal fontanel ; 
frontal; 

gap in the supraethmoid ; 
hypohyal 1 ; 
hypohyal 2; 

^hypobranchs 1, 2, 3; 

horizontal process (neural arch ?) 

from the third vertebral pedicel; 
hyomandibula ; 
intermuscular bone ; 
interopcrcular ; 

anterior independent sensory 

canal ossicle ; 

posterior independent sensory 

canal ossicle ; 
jugular foramen; 
lateral ext rascapular ; 
lateral ethmoid; 
lacrimojugul ; 

. lacrimojugal process of lateral 
ethmoid; 

lateral limb of maxilla ; 
lateral limb of premaxilla ; 
lateral opening of gasbladder 
i‘apH\ilo ; 

lacrimojugal jirocess of palatine; 
united lateral extrasc^apular and 
posttomporal ; 
lateral semicircular canal ; 
maxilla ; 
motaptorygoid ; 
median rostral; 
nasal ; 

. ^neural arch 2, 3 and 4; 

nexiral spine 3 
. opercular arm ; 

. outline of angular; 
occipital sensory canal ; 

! outline of the epibranchs, 1, 2, 3 
and 4; 

, outline of ectopterygoid; 

outline of epiotic ; 

. outline of ethmoid ; 

. optic foramen ; 

outline of lateral limb of maxilla ; 
outline of nasal ; 

. operculum ; 

outline of prepalatine ; 
outline of first preethmoid ; 
outline of palatine ; 
outline of pterotic ; 
outline of posttemporal; 


op2 

08 

oae 

oat 

P 

pa 

pa* 

pal 

pah 

pa8 

phl2 

pb34 

pc4 

pet 

pet2 

pgb 

ph2 

php 

phy 

pll 


pis 

pmp 

pmx 

pmy 

pop 

ppa 

pprn 

ppv 

pq 

pr 

pro 

prp 

psc 

pi 

pte 

q 

r2 


ra 

ri 

rV 

ros 

rpm 

rpp 

aa 

aah 

ab 

ac 

aca 

acl 

ae 

ahy 


outline of second preethmoid ; 
orbitosphenoid ; 
outline of supraethmoid ; 
outline of supratemporal ; 
anteromedian process of supra 
ethmoid ; 
parietal ; 

sensory canal passage in the 
angular; 
palatine ; 

articular facet for the hyomandi- 
bula in the pterotic ; 
parasphenoid; 

united pharyngobranchs 1 and 

2 ; 

united pharyngobranchs 3 and 

4; 

winglike projection from the 
fourth centrum; 
first prootlimoid ; 
second preetlimoid 
posterior gasbladder ; 
process from the posterior 
hypohyal; 

lateral projection from the 
basioccipital ; 

articular head of hyomandibula 
with the pterotic facet; 
maxillary process for the liga- 
ment of the adductor mandi- 
bulae muscle ; 
plourosphenoid ; 

posterior process of mota- 
pterygoid; 
premaxilla ; 
posterior myodome ; 
preopercular ; 
propalatine ; 

process of maxilla for articulation 
of the propalatine ; 
posterior process of prevomer ; 
posterior process of quadrate ; 
process of the maxilla ; 
prootic ; 

palatine facet for articulation of 
prepalatine ; 

posterior semicircular canal; 
posttemporal ; 
pterotic ; 
quadrate ; 

ridge formed on the ventral 
aspect of the second vertebra 
(its dorsal rib ?) ; 
rotroarticular ; 
ridge in the metapterygoid ; 
ridge in the entopterygoid ; 
rostral ; 

rostral process of maxilla ; 

rostral process of premaxilla ; 

sesamoid angular ; 

articular facet in the sphenotic ; 

sesamoid bone ; 

sensory canal ossicle ; 

scaphium; 

supracleithrum ; 

supraethmoid; 

hymandibul^r facet for articula- 
tion with the sphenotic; 



RELATION TO FHYLOOENBTIO STUDIES — HI 


617 


am symphyBis meckelii; 

90 . . supraoccipitalf 

Bol . . > suborbital sensory canal ossicles 

so8 , . ^ 1— 85 

90C . . suparorbital sensory canal ; 

soe . . united suspensorial and esopha- 
geal processes of fourth 
vertebra ; 

800 . . suborbital sensory canal ossicles ; 

aop . . subopercular ; 


sp 

8pr 

ate 

stf 

a^lo 

aup 

tc 

tf 

tri 


sphenotic ; 
sphenotio process; 
supratemporal; 
subtemporal fossa ; 
supraoroital; 
supraoccipital process ; 
symploctic ; 
temporal canal; 
trigcminofacialis foremen ; 
tripus. 
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IV. ThB SKinX AKD OTHER SKEIETAL STRTTOTT7BRS 07 GaSTROMYZONID FiSBXS. 

By L. S. Raiiaswahi, Senior Research Fellow, N.l.S.I., Department of Zoology, 

Central College, Bangalore. 

(Communicated by Dr. S. L. Hora, D.Sc., F.N.I.) 

(Reived Angnat 14, 1951; read January 1, 1962.) 

Introduction. 

In a previous paper (Ramaswami, 1948), I described the structure of the skull 
of* Oastromyzon GOnther and compared it with that in a few genera of Homalop- 
teridae that I had examined. Subsequently Dr. S. L. Hora, Director, Zoological 
Survey of India, Calcutta, made available to me a number of Homalopterid and 
Gastromyzonid genera for elucidating, from the view-point of skeletal anatomy, 
their origin and interrelationships. 

According to Fang (1936), the Gastromyzonids are a polyphyletic assemblage 
of individuals, divisible into two groups, viz., the Crossostoma-association and the 
Gastromyzon-association. Of these two, the Crossostomid hshes derived from 
‘Nemachiloid ancestral stocks’ evolved in three different lines. Fang also traced 
their interrelationships. 

In describing the Homalopterid fishes, Hora (1932) noted that the Homalop- 
teridae ( = Homalopterinae, Hora, 1932) evolved from some Cyprinid ancestor 
while the Gastromyzonidae ( = Gastromyzoninae, Hora, 1932) arose from some 
Cobitid stock and that the members of the Homalopterinae and Gastromyzoninae 
were probably polyphyletic, resembling one another only superfciaUy due to 
similarity in life habits. Later Hora (1960), stressing the necessity for treating the 
two subfamilies independently, discussed in a thought-provoking paper (Hora, 
MS.) the polyphyletic origin of the Gastromyzonid fishes of the mainland of Asia 
and Borneo, a draft of which he very kindly made available to me. It is noticed 
that in the paper referred to above, Hora has taken examples all of which belong 
to the Gastromyzon-association of Fang (1935) and none to the Crossostoma- 
association. 

Berg (1947), as recorded in my previous paper (Ramaswami, 1951e, in press), 
treated both the subfamilies Homalopterini and Gastromyzonini tmder the same 
family Homalopteridae. 

Law (1960), after studying the scale structure in both the Crossostoma- 
association and Gastromyzon-association, came to the conclusion that specialisation 
had taken place independently among the genera. Further, according to him, 
the scales of Oastromyzon- in general were of the Cobitid t3qpe and that the scales of 
Beavfortia differed from those of all the other Gastromyzonid f shes. 

Having studied the skeletal structure of a number of Homalopterid genera 
(Ramaswami, 1951c, in press), I have been able to point out that a few skeletal 
structures supported the Cyprinid affiliations of the Homalopteridae. In this 
paper, I propose to examine the Gastromyzonid skeleton to see if it throws any 
Ugnt on the origin and relationship of the mainland (China) and of the Bornean 
genera. 


,voL. xvni— No. a. 
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Material. 

Tho following Gastromyzonid genera have been studied by me : 

/I . Bornean forms — 

Olaniopsw haniUhi Boulenger; Protomyzon whiteheadi (Vaillant); Gas~ 
tromyzori bomeensis Gunther. 

li. Mainland or Chinese forms — 

VanmaiuMia rol<hre.lli (Nichols); ('rossostoma daridi Sauvage; Pseudogm- 
tromyzon fa.tciat.(if< (Sauv'age); Beaufortia levertti (Nichols and Pope). 

This clussiticution docs not give ua an idea of the Crossostotna- and Gas- 
/ro»j(//zo«-a.ssociations created by Fang (1035). Under the latter, the first group 
includes Annantia Hora, Parhonialoptera \^aillant, Linparhomaloptera Fang, 
Vannianenia Hora, Prm'jormosania Fang, Formosania Oshima and Crossostonta 
Sauvage. The second group comprises Beirellia Hora, Paraprotoniyzon Pellegrin 
and Fang, Pseudogastmtnyzori Nichols, Protomyzon Hora, N eogastrotnyzon Popta, 
Gaslromyzon. Gtlnther and Bvaufortia Hora. This grouping is entirely based on 
the fact whether the gill opening extends to the ventral aspect in front of 
the pectoral fins (Crossostomid group) or is restricted above the bases of the pectoral 
fins (Gastromyzonid group). It must be noted that Glaniopsis is not included 
under eitlu'r of these groupings; of the Bornean forms, it is also clear that I have 
examined example's belonging to both the groups. One peculiarity of the distri- 
bution of these forms is that the mainland forms are not represented on the island 
of Borneo and vice verm. For purposes of comparison, I have also studied the 
skeleton of the loaches XenimhilKs dayi Hora and N emacMlichthys ruppelli (Sykes) 
[Nemachilini : Cobitidae]. 


Observations. 

I shall not describe the Bornean and Chinese forms separately but shall take 
them collectively and give a comparative account of the osteological features. 

The ethmoid region . — In the Gastromyzonid genera examined, Glaniopsis 
(fig. la), Protomyzon (fig. 2a) and Vanwamnia (fig. 3a) show the firmly articulated 
supraethmoid part (w) which, however, is not very broad; in Glaniopsis the supra- 
othmoid resembles that in Nemnchilu,s (Cfobitidae). While the median prolongation 
of the supraethmoid (p) is short in Protomyzon (fig. 2a) and Vannianenia (fig. 3a), 
it is long in Glaniop.'iis (figs, la, 1ft) as in Nemachilns. In Beaufortia (figs. 4o, 4ft), 
Pseudogastromyzon (figs. 5a, 6ft), (’ro.i.m.'tloma (figs. Ga, 66) and Gastromyzon, the 
supraethmoid part (.xe) is broad (broader than in the foregoing genera) and the 
median anterior projection (p) is short. Laterally to the supraethmoid part in 
Protomyzon (fig. 2rt) emd Vanmanenia (fig. 3o), there is the ethmoid {et) extension 
noticed; in (JUiniop.'tm (fig. la), however, this ethmoid extension {et) is large and 
winglike. In Nemachilns, the lateral ethmoid extension is not noticed on the dorsal 
side of the skull. \"entrally the ethmoid {et) is visible in Protomyzon (fig. 26) and 
Vannianenia (fig. 3ft), on the lateral aspect of which the second preethmoid (pc2) 
articulates. In Glaniopsis (fig. ]ft) a small portion of the ethmoid, with the large 
supraethmoid projection (p), is noticed since this region is covered by the asym- 
metrical prevomer {pv) and laterally to the ethmoid, the large second preethmoid 
(pc2) articulates. In Nemachilns the ethmoid is not visible ventrally since a large 
preethmoid covers it. 

In Beaufortia (fig. 4a), Psendogastromyzon (fig. 6a), Crossostonta (fig. 6a) and 
Gastromyzon (Ramaswami, 1948), in front of the supraethmoid and also laterally 
to it in Bennfortia (fig. 4a) and Gastromyzon, the ethmoid {et) part is visible dorsally ; 
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ventrally also in the above genera, posteriorly to the large second preethmoid, 
a small portion of the'ethmoid (fig. 46 ei) is visible. 










Trxt-figs. JfT & Ih. Dorwal and ventral vhwa reapeetively of Die (A OUwiojja^it ha7\ii8hi 

Boulenger. 

Articulating anterolaterally with the ethmoid is the preethmoid bone (figs. la-6a, 
li-66 pe2i), I label this as the second preethmoid as there is another one in front 
of this intercalated between it and the maxilla, which is the first preethmoid {pet) 




■,y^ 




¥l 

m 


TKiT-FiQS. 2rt & 26. Dorsal and ventral views respeetively of the skull of Protomyzon white- 
headi (Vaillant). 
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in all the genera examined by me. I have given reasons for considering these two 
as the first and second preethmoids in my previous paper (Ramaswami, 1961c). 
In Glaniopsis (figs, la, 16) dorsally to the first preethmoid, which, however, is visible 
only in the ventral view (fig. 16 pet), there are two prepalatmes (ppa, ppa*), the 
lateral of which (ppa) articulates posteriorly with the palatine (pal) and is free 
anteriorly while the mesial (ppa*) articulates mth the prepalatine process of the 
maxilla (ppm) anteriorly and is free posteriorly. It is possible that a single ossifi- 
cation has split longitudinally to give rise to these two prepalatines. In NemacMlus, 
articulating with the maxilla and palatine and sitting laterally upon the first 
preethmoid, is a single prepalatine. In Crossostoma, however, there is a single 
prcpalatine (figs. 6a, 66 ppa) on either side which while showing an articular facet 
towards the palatine does not reach the maxilla (mcbx) anteriorly. In Protomyzon, 
Vanmianenia, Beatjforiia, Pseudogastromyzon and Oastromyzon, the prepalatines 
are absent. It is interesting to note that of the examined genera only one member 
of the Crossostoma-Si&HOcieition shows the prepalatine while Vanmanenia and the 
entire Oastromyzon-sisaocisiiion are free from it. 

The premaxillac show the elongated [Olaniopsis (fig. lo), Protomyzon (fig. 2a), 
or comparatively short Vanrnaneyna (fig. 3a)] rostral processes (rpp) and the lateral 
limb (Up) may be short as in Protomyzon (fig. 25), Van7nanenia (fig. 36), Beaufortia 
(fig. 46), Pfitiidogastromyzon (fig. 66) or excessively long as in Olaniopsis (fig. 16) and 
Crossostoma (fig. 66). In Gastromyzoyi (Ramaswami, 1948) peculiarly the rostral 
process reaches the aiiterior edge of the cruciform median rostral whQe the lateral 
limb extends as far as the middle of the lateral ethmoid, a feature not noticed in 
any other Gastromyzonid examined. 

The maxilla shows the characteristic Cyprinid processes in Protomyzon and 
Vanmanenia \ the long and prominent dorsal premaxillary process (figs. 2a, 3a, 26, 36 
dpm) on which is the palatine ligament inserted (fig. 3 H ) ; the process (figs. 26, 3a pll) 
for the insertion of the ligament of the adductor mandibulae muscle; the ventral 
rostral process (figs. 2a, 26, 3a, 36 rpm) and posteromesially the rounded head 
(ppm) for the articulation of the first preethmoid (pet). In Glaniopsis, while the 
dorsal premaxillary process is absent in Neniachilns, the process for the adductor 
muscle ligament (iigs, la, 16 pll) is very prominent and the other processes are 
normally developed. In Beaufortia and Psemlogastromyzov, the dorsal pre- 
maxillary process (figs. 4a, 5a dpm) is wtU developed though not so prominently as in 
Protomyzon and Vanmay)pnia\ the process for the adductor mandibulae muscle 
ligament (figs. 4a, 6a, 46, 56 pll) is poorly developed. In Crossostoma, the dorsal 
premaxillary process (figs. 6a, 66 dpm) is short and broad while the process for the 
ligament (pll) is prominent and projects posteriorly. In Gastromyzon (Ramaswami, 
1948, fig. 23), the ventral rostra] process (ynp) is very short resembling that in Pro- 
iomyzon (tig. 26, rp)n) \ the dorsal premaxillary process in Gastromyzon (Ramaswami, 
1948, fig. 2.3 rp'') is quite large and the lateral limb peculiarly possesses a conspicuous 
lateral process (Ip) projecting from the middle of it not seen in any other Gastromy- 
zonid form. This probably represents the process for the adductor mandibulae 
muscle ligament. 

The prevomer is small in Protomyzoyi (fig. 26 pv) and Vanmanenia (fig. 36 pv) 
with a small posterior projection. In Glaniopsis (fig, 16 pv), the bone is asymmetrical 
and has no posterior limb. In Nemachilus, the posterior limb is very long. In 
Gastromyzon (Ramaswami, 1948), the prevomer is small and shows three short 
posterior projections of w’^hich the mesial is the longest and probably represents the 
posterior limb of other forms. In Beanfortia (fig. 46) and Pseudogastromyzon (fig. 
66), the prev'omer is Y- or V-shaped with a deep, depression anteriorly and in the 
latter example, the posterior limb is almost absent; in Beanfortia, the posterior limb 
(fig. 4b ppv) is long and in Crossostoma, the prevomer (fig. 66 ppv) is large with a 
projection laterally towards the second preethmoid (pe2) and the posterior lilnb 
(ppv) is also broad. 
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In the Gaatromyzonidae, the lacrimojugal is even larger than that in the 
Homalopteridae. In the examples of the latter family, I pointed out (Bamaswami, 



Text-Fios. 3a & Zb. Dorsal and ventral views respectively of the skull of Vanmanmia caJdweUi 
(Nichols). 

1961 e, in press) that the lacrimojugal was devoid of a sensory canal in it and the 
bone was definitely larger in size than that in the Cyprinidae. In Protomyzon 
(figs. 2o, 26), Vanmavenia (figs. 3a, 36) and Crossostonia (figs. 6a, 66), the laorimojugal- 
rostral is of one size and it assumes even larger proportions in Gastromyzon 
(Ramaswami, 1948), Beavfortia (figs. 4a, 46) and Psevdogastromyzon (figs. 6a, 66) 
where each lacrimojugal-rostral takes a bend mesially ; there is also a small spinelike 
process laterally in Gastromyzon. It is likely that this large bone is a composite 
one formed at least by the union of a large lacrimojugal and a rostral; in the.Homa- 
lopterid examples there is a large lacrimojugal in front of which there is a rostral 
and it was assumed that the former was formed by the union of a lacrimal and a 
jugal. In the Gastromyzonidae, T have labelled this large bone as lacrimojugal- 
rostral. In Glaniopsis (%s. la, 16 Ij), the lacrimojugal is not very big resembling that 
in the Homalopteridae and does not extend as far as the premaxiUa and a rostral 
is also absent in front of it. It looks, therefore, more like the Homalopterid 
lacrimojugal in size with the sensory canal ossicle independently situated. In 
Nemaehilus, the anterior rostral is small with a long lacrimojugal behind and the 
sensory canal ossicles are situated laterally to the lacrimojugal. Chranilov (1927) 
showed only a ‘preorbital’ in Nemachihis harbatvlus and did not refer to the sensory 
canal ossicles and the same figure has been reproduced by Berg (1947, p. 267). In 
Beavfortia (figs. 4a, 46 «ol-so4) and Gastromyzon (Bamaswami, 1948), the lacrimojugal 
is very closely associated with the sensory canal bones of the infraorbital series. 

^e lateral ethmoid {J,et) is well developed in Protomyzon (figs. 2a, 26), Fa«ma« 
nenia (figs. 3a, 36), Beavfortia (figs. 4a, ^), Psevdogastromyzon (figs. 6a, 66) and 
CrossosUma (figs, ha, 66); the lacrimojugal-rostral process of the lateral ethmoid 
is fittore well developed in all than the posterior process; in Nemaehilus, the lateral 
ethmoid is also small with both the processes short. In Gastromyzonidae (except 
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(Jluniopms), one is struck with the width of the lateral ethmoid as opposed to that 
in the Homalopteridae and in Ne.machihio. 

As in the Homalopteridae, the palatine (pal) shows a process (figs, la, 16, 2a, 3o, 
4o, 5a, 6a eXp) towanls the ethmoid and this process is very small in Vanmanenia 
(fig. 3«) and Bmvforiia (fig. 4a). There is one tow^ards the entopterygoid (figs, la, 
3a, 6«, 16, 56, 66 ea]>) and the bone articulates ventromesially with the second 
preethmoid (pe2). Tn Protomyzov (fig. 2a), Vanmanenia (figs. 3a, 36), Beavfortia (figs. 
4a, 46), PsevdoffoMroinyzon (figs. 5a, 66) and Qastromyzon (Ramaswami, 1948), it alro 
shows anterolaterally a process (Ipl) towards the lacrimojugal-rostral. However, in 
( 'roNsostonia (figs. 6a, 66), such a process is absent. In Olaniopsis, the diminutive 
palatine shows the processes described above except the lacrimojugal process. In 
this and in ( 'nmostoma, since a prepalatine (or prepalatines) is noticed, the palatine 
also shows a rounded articulating facet (figs, la, 6a fpa) anteriorly for articulation 
with the ])repalatine. 



TracT-FiGS. 4a &. 4fc. fiorsal and ventral views 
(Nw'hola and Pope). 



respectively of the skull of Beavfortia leoertti 


The nasal (h) is represented in all these forms by one (figs. 2arSa, 46-66 n) or 
two small canal bones as in Glaniopais (fig. la 

In Protomyzon (figs. 2a, 26 mr) and Oastroinyzon (Ramaswami, 1948), the median 
rostral is cruciform; in Vanmanenia (figs. 3a, 36), it is elongated and broad where the 
limbs of the premaxillae rest. In Beaufortia (figs. 4a, 46), it is also large and may be 
described as cruciform wdth the posterior portion situated ventrally to the me^mi 
projection (p) of the supraethraoid (se) ; similarly in Psevdogastromyzon (figs. 6a, 66), 
the median rostral is large and the posterior projection (mr') lies below the supra- 
ethmoid extension (p). Tn Croesoetoma (figs. 6a, 66) and Olaniopsis (figs, la, 16), 
it is small and roughly triangular. 

The orbitotemporal region . — ^Thc general flattening of the skull has resulted in 
the widening of the frontals and parietals; the frontals (figs. lo-6a, 16-66 fr) extend 
laterally in the orbital region so much that on the ventral aspect also a large part of 
the bone (fr') is visible. 
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In Glaniopsis (fig. la), Vanmanenia (fig. 3a), Pseudogastromyzon (fig. 5o) and 
Crossostoma (fig. 6a)^ a large fontanel (fpf) is included between the frontals 
anteriorly, the parietals laterally and the supraoccipital posteriorly. In Olaniapsia 
(fig. lo), the fontanel is broad posteriorly and the two independent supraoccipital 
sensory canal ossicles lie over the fontanel ; in Beaufortia (fig. 4o), the fontanel Ifpf) 
is a cmnklike space. In Nemaehilua also a frontoparietal fontanel is present. 

(Generally flanking the frontals on either side in the Cyprinidac, Psilorhynchidae 
and Homalopteridae, there is the supraorbital. In Gyrinochcilidae, the Gastro- 
myzonidae (except Gastromyzon) and in Nemaehilua, a supraorbital is absent. In 
Oastromyzon (Bamaswami, 1948), however, the supraorbital is a very small 
sickle-shaped bone. 



Tbxt-Fios. 6o & 66. Dorsal and ventral views respectively of tlie skull of Pawdogastromyzon 
faaciatua (Sauvage). 

Ventrally the orbitosphenoids (figs. 16-66 os) and the pleurosphenoids {pis) are 
prominent. The optic foramen {of) is included between the orbitosphenoid, the 
pleurosphenoid and the parasphenoid {pas). In all these forms, an interorbital 
septum is absent on account of the general flatteniiig of the skull. Peeuliarly in 
one species of Homalopteridae, Homalopiera amphisquarnata (Bamaswami, 1951c, 
in press), an interorbital septum is noticed. In Nemachilus also an interorbital 
septum is absent ; the orbitosphenoids are united and is a single ossification as 
in other Cobitidae. 

The parasphenoid (figs. 16-66 pas) is broad posteriorly and narrow anteriorly 
[Vanmanenia (fig. 36), Beavfortia (fig. 46)] or broad posteriorly and the anterior 
portion is also broader than in the previous examples [Glaniopsis (fig. 16), Pro- 
tomyzon (fig. 26)] or broad both anteriorly and posteriorly with a waist [Pseudo- 
gastromyzon (fig. 66), Crossostoma (fig. 66), Gastromyzon (Bamaswami, 1948)]. Thus 
the shape of the parasphenoid is not uniform in the family. 

The eye muscle canals are noticed in all these examples; the position of the 
two canals, viz., the anterior myodome and the posterior myodome, is indicated 
only in the ventral view of Crossostoma (fig. 66 amy, pmy). In Nemaehilua also 
the two poorly developed myodomes are seen. 
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ITiere are two deeply cupshaped large sclerotic bones in each bulbus oculi. 

The auditory region . — ^As in other groups of hillstream nshes like the Homa- 
lopteridae, Psilorhynchidao* and Gyrinocheilidae, this region is formed by the 
sphenotic anterolateral ly, the pterotic laterally, the epiotic posteriorly and the 
prootic bones ventrally of tlie auditory region ; an opisthotic is absent. 

The sphenotic generally shows a deep fossa (figs. la-6a, 16-66 sh) for giving 
articulation to the anterior head of the hyomandibula and the posterior articulation 
of the latter is in the sphenotic-pterotic region. It may be a fossa as in Protomyzon 
(fig. 2b ph), Beanfortia (fig. 46 ph) and Pseud otjaatromyzon (fig. 56 ph) or a smrface for 
articulation as in QUxniopsis (figs, la, 16 ph), Vanmanenia (figs, .‘la, 36 ph) and 
Crossostoina (figs. 6a, 66 ph). In N etnachilus, the two are always fossae for the 
bosslike projections of the hyomandibula to articulate. 

The .‘len.tory canals. — In Olaniopsis (fig. lo), the supraorbital, the temporal and 
the supraoccipital canals are composed of a set of independent ossicles. In the 
nasal region there are two ossicles («) and in the supraorbital region there are four 
(smo1-.s?/o4) and the la.st of this series leads laterally into the infraorbital canal 
(S0I-.S06) and posteriorly into the temporal canal ossicle (sol) The long temporal 
canal (sol) ossicle meets the triradiate supratemporal ossicle (ste) which leads 
mesially into tlie occipital ossicle (sui) and laterally into the lateral extrascapular 
which, however, is not drawn in the figure. 

In Protomyzon also the. supraorbital sensory canal ossicles are independent as 
in Olaniopsis and the triradiate ossicle in the sphenotic region (fig. 2a so9) leads into 
an independent one sitting on the pterotic (ic) which in turn leads on to a 
triradiate ossicle, — th<' supratemporal (ste); the supraoccipital canal is not composed 
of independent ossicles as in (jlaniop.sis. 



♦ Psilorhynehus is also known to barrow in sand. 
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In Vanmanenia (fig. 3a), Crossostoma (fig. 6a) and Oastroniyzon (Ramaswami, 
1948), the supraorbitAl canal (^oc) is incorporated in the frontal and this extends 
into a small ossicle on the sphenotic {in) as in the Homalopteridae, connecting a 
triradiate one (^oT) which in turn is connected with a triradiate supratemporal 
{ste) through a small ossicle (fig. 3a tc; fig. 6a .^JoS) disposed on or in front of the 
pterotic. In Pseiidogastromyzon (fig. 6a) the supraorbital canal which is noticed 
in the frontal leads into a triradiate ossicle (sol) which in turn leads into an ossicle 
(tc) on the pterotic which is connected with the supratemporal (ste) which, however, 
is not triradiate. In Beaufortia (fig. 4a), the supratemporal is also not triradiate 
and the sensory canal passes in front of this in the pterotic (tc) and is connected with 
the triradiate ossicle (sol). The supraorbital canal (soc) is noticed in the frontal. 
Peculiarly towards the posterolateral edge of the frontal in Beaufortia, there are 
two sensory canal ossicles sitting on the sphenotic (ios) with apparently no con- 
nection either with the supraorbital canal or with the triradiate ossicle (sol). What 
exactly is the nature of these ossicles, I am at present unable to say. In no other 
Qastromyzonid have I noticed such a feature. In Nemachilus, the supraorbital 
sensory canal leads into the suborbital by an independent ossicle sitting on the 
sphenotic region; the supratemporal is triradiate and leads into the supraoccipital 
canal mesially and the temporal canal anteriorly in the pterotic. 

The pterotic shows a feeble depression ventrally in Qastromyzon (Ramaswami, 
1948), Olaniopsis (fig. 16), Vanmaneriia (fig. 36), Beaufortia (fig. 46) and Crossostoma 
(fig. 66) representing the subtemporal fossa (stf), but in Proto'iuyzon (fig. 26) the 
subtemporal fossa (stf) seems to be better developed. This fossa is for the insertion 
of the hyobranchial muscles. While in all these examples the hyobranchial 
apparatus is well developed, the feeble development of the subtemporal fossa in 
the majority of the Gastromyzonidao becomes difficult to explain. 

As in the Homalopteridae, the exoccipital (figs. la~6a, 16—66 eo) is excluded from 
forming the roof of the foramen magnum in Gastromyzonidae. The supraoccipital 
(so) may project posteriorly as two processes (sup). The exoccipitals do not 
disclose the fontanel so commonly seen in the catostomids, the cyprinids and the 
cobitids. The basioccipital (ho) shows a prominent pharyngeal process (php) and 
the dorsal aorta running dorsally to this divides anteriorly into two branches (ao). 
In Olaniopsis also such an arrangement is noticed resembling Nemachilus. 

The upper jaw. — ^The palatine bone has already been described. The upper 
jaw of Olaniopsis shows certain features in which it stands apart from the other 
Gastromyzonid genera and resembles more Nerntzchilvs. The operculum (fig. la 
op) projects by an anterior process (ppr) and articulates with the hyomandibula 
by a prominent socket near which there is a spinelike articular process (oa). A 
process from the posterodorsal edge of the operculum called the auricular process 
is absent. The hyomandibula (hy) shows a large boss by which it fits into a socket 
in the sphenotic (shy) and a flat facet (phy^) for articulation with the pterotic region. 
There is also a prominent process (pr) in front of the sphenotic articulation. From 
the ventral border of the hyomandibula, there arises a prominent backwardly 
directed process (ophy) with which the preoperculum (pop) comes in contact. Such 
a process is not seen in the other Gastromyzonid examples. However, in 
Nemachilus, such an opercular process of the hyomandibula is noticed. The 
quadrate (q) has a short and broad posterior limb (pq). The metapterygoid (rnp) 
has a very short limb (pmp) towards the hyomandibula (hy). In Pseudogastromyzm 
(fig. 8a), the operculum shows prominent auricular (aup) and articular (oa) processes; 
the hyomandibula (hy) and the preopercular (pop) are large, the posterior process 
of the quadrate (pq) is long and the S3miplectic (sy) is small and is wedged in between 
the metapterygoid (mp) and the quadrate (q). The hyomandibula (hy) is broad 
and the boss for articulation with the pterotic region is mesially situated and, 
therefore, is not shown in the figure. In Beaufortia (fig. Id), the articular process 
(oa) is prominent and an auricular process (aup) is just indicated. In Protomyzon 
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(fig. 76), Vnnimnenm (fig. 7c), Crossostoma (fig. 86), there is a short articular process 
(oo) and the auricular process is just indicated as in Beavfortia. The metapterygoid 



TrXT-fig. 7a. Lateral view of tho right upper jaw of QUiniopsis hanitshi Boulenger. 

76. Lateral view of (ho right upper jaw of Protow yzo7i whiieheadi (Vaillant), 

,, 7c. Lateral view of the right upper jaw of Vanwanenia caldwelli (Nichols). 

,, Id, Lateral vit'W' of tho right upper jaw of Beavfortia levertti (Nichols and Pope), 


process (p/^/p) in short and broad in Pseudogmtromyzon (fig. 8a), while in Olaniopsia 
(fig. 7a). Vanmanona (fig. 7c), Bmufortia (fig. Id), Crossosloma (fig. 86) and Oas- 
tromyzon (Ramaswami, 1948), it is narrow. Further, the metapterygoid in all 
these forni.s shows a prominent ridge (n); sometimes this ridge may be in continu- 
ation of the ridge (ri') on the entopterygoid also as in Pseudoyastromyzon (fig. 8a), 
(Jlaniopsis (fig, 7a), Beaufortia (fig. Id) and Crossostoma (fig. 86), The hyomandi- 
bula may show two articular bosses [Protmuyzon (fig. 76), Beaufortia (fig. ^d), 
PseudognMromyzon (fig. Sa) and Oastronnjzon (Ramasw'arai, 1^8)] or one boss (shy) 
and one facet (phy') as in (Uaniopsu (fig. 7a), Vanmanenia (fig. 7c) and Crossostoma 
(fig. 86). Laterally there may be tw'O independent ossicles (sc) as in Pseudogas- 
tromyzon (fig. 8a) and Vanmaneriia (fig. 7c) or three as in Crossostoma (fig. 86) or 
there may be a single one leading from the preopercular in front of the quadrate 
process as in Beaufortia (fig. Id). Tn Glaniopsis (fig. 7a) and Protomyzon (fig. 76), 
independent sensory canal ossicles are not noticed. In Nemachilus, the opercular 
is elongated in the anteroposterior direction and shows a prominent articular 
process; the preopercular is long and shows in front a sensory canal ossicle and the 
metapterygoid cames a prominent ridge. 

The lower jaw. — There is an uniformity in the disposition of the structures of 
the lower jaw but for the shape of the bones.i A' large edentulous dentary (figs. 
8c, 8<i den), an angular (an) Avith which the quadrate articulates (go), a small 
retroarticular (ra) and a mesially situated sesamoid angular (sa) are uniformly 
noticed in all the genera examined by me. In Pseudogastromyzm (fig. 8c) and 


‘ Berg (1947) while pointy out that the current nomenclature of the bones of the lower 
jftw of toloosts 18 uicorroct, still profers to uso the s8.nie ‘to avoid znisunderstanding’; howo'^er 
I have followed in all my papers on fish skull, the correct nomenclature (Haines, 1937), " 
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Beaufortia (fig. 8rf) only, the angular projects posteriorly in the forms of a process 
(anp). Mesially there is also a canal {sc*) in all these ^orms through which a bristle 



Tkxt-fio. 8a. Lateral view of the right upper jaw of Paeudogastrotnyzon fasdatus (Sauvage) 

„ 86. Lateral view of the right upper jaw of Crossoatoma davidi Sauvage. 

,, 8c. Mesial view of the right lower jaw of Peeudogaatromyzon fcudatua (Sauvage). 

' ,, Bd. Mesial view of the right4ower jaw of Beatifortia leverUi (Nichols and Pope). 

could be easily passed. This is, probably, the mandibular sensory canal; in the 
Homalopterid^ and the Nemachilinae also there is a mesial sensory canal. In the 
majority of fishes, however, the mandibular sensory canal is kaercUly disposed. 

In the hyobranchial apparatus the arrangement of parts is very much like that 
in the Homalopteridae (Ramaswami, 1951c, in press). Connecting the two pairs of 
hypohyals, there is a median ossification probably also a part of the basihyal and 
dorsally to this, a three>pronged basihyal is noticed. There are three copulae 
usually, three pairs of hypobranchs and two pairs of pharyngobranchs ; in Beavjortia 
the median copulae are four in number and in Olaniopais, a small third 
j^haryngobranch ossification is also seen. Dorsal gillrakers extending on the 
h 3 rpobranch and the median copulae are noticed in all the examples. The 
occurrence of the gillrakers is conspicuously noticed in the Gastromyzonidae and 
not a single species of Homalopteridae examined by me exhibited this character. 
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The Weberian apparatus, — ^As fal* as I am aware, the Weberian apparatus in 
no Gastromyzonid example has so far been described. It does not, however, differ 
from that in the Homalopteridae. 

I have already described the arrangement of parts with regard to the 
gasbladder cai)Hule and the associated Weberian ossicles in the Homalopteridae. 

It is noticed that in the nemachiline Cobitidae, Homalopteridae and Gastromy- 
zonidac the gasbladder is completely divided into two and is enclosed in an osseous 
capsule. Chranilov (1927), having studied the structure of the gasbladder in a 
number of Cobitid genera, clivided them into two structural types. While in the first 
the capsule is single (Misgnrnns, etc.), in the second the capsule is divided into two, 
the two being connected by a posterior commissure as in Nemachilus, In the 
Gastromyzonidae, it is also noticed that projecting from this commissure posteriorly 
there is a small posterior portion of the gasbladder as in Beaufortia, Protomyzon 
(fig. 9b mgb) and Crossosloyna ; in Glaniopsia and Pseudogastromyzon^ this posterior 
portion of the gasbladder is absent. It may also be remarked here that in the 
Homalopterid, Ilornalopiera leonardi, there is a long posterior portion of the 
gasbladder and in //. zoUiugeri there is a small oval posterior portion. In 
NernachiluSy Chranilov (1927) showed a large posterior portion. 

It has alsr. been remarked by me (Ramaswami, 1962c, in press), that the 
gasbladder capsule of the Homalopteridae and the Gastromyzonidae resembles that 
in Nemacliilini (Cobitidae). In Neynachilvs^ the capsule is formed by the dorsal ribs 
(transverse processes of previous authors) of the second and fourth Vertebrae, the 
pleural ribs of the second and the ossa suspensoria of the fourth vertebra according 
to Chranilov (1927). The ossa suspensoria contribute the mesial wall, a part of the 
lower osseous wall and the wall of the transverse canal ; while the dorsal ribs of the 
second vertebra form the antero-dorsal and the pleural, the antero-ventral walls of 
the capsule, the dorsal ribs of the fourth vertebra form the postero-dorsal and postero- 
ventral walls. In Nemachilvs dayi which T have examined, each half of the 
gasbladder capsule is composed of the ribs (dorsal and pleural) of the second and 
fourth vertebrae; the large posterior portion is formed by the dorsal ribs of the 
fourth vertebra and the smaller anterior portion is formed by those of the second 
vertebra, the sutural line between the two being clearly visible only anterodorsally. 
1 have also noted such a sutural line in another nemachilid Newnchilichthys which 
I have examined. However, in NemachiluSy the disposition of the prominent 
parapophyses ^ of the second vertebra indicates their extension ventrally and 
laterally to these, the wall is formed by the pleural ribs. I am unable to make out 
the contribution of the ossa suspensoria towards the formation of the capsule and 
the transverse canal. Laterally each capsule shows two openings: an anterior 
smaller and a posterior larger one (apertura magna externa) through which the 
gasbladder of the animal can come in contact with the skin. 

The neural arch of the second vertebra of NemachiluSy whose exact derivation 
I am unable to say, is noticed middorsally as a keystone arch in front of the third 
neural arch; the latter is in continuity on either side with the gasbladder capsule. 
Latermly to tlm second arch referred to above, the claustrum and scaphium are 
noticed. The first vertebral centrum carries an independent pair of dorsal ribs. 
Ihe fourth neural arch, shows a prominent spine and the centrum is also large 


TV, A labelled in Nemachilua strauchi the ‘transverse processes ^ as parapophvses. 

referee has kmdly pointed out that ‘The term parapophysis indicates the structure which 

ActuallV the basiveutrals oTth^iLSS 
^®^®bra are misquoted as parapophyses \ We read in Goodrich (1930 p 731 
articulate with rib-bearing processes of basiventraS Vin Cv^l 
and that these processes arise independent Iv Whether in 
Physes arise ind^ndently and later fuse ^th thrWvTnSnf 1h^^^ 
oasiventrals, when according to the referee, they should not be called represent ^e 

to say at present as 1 have not examined ^veliStalTteX ^ 
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and no indication of the fusion of the third centrum with it is noticeable. The 
horizontal process deSt^bed in the Homalopteridae (Bamaswami, 1952c, in press), as 
extending over the paravertebral space in front of the orifice for the fourth spinal 
nerve and probably arising from the third neural arch, is not seen in NemachUua or 
NerpachUichthys. 

In the Bornean Gastromyzonidae like Olaniopsis and Protomyzon, the sutural 
demarcation described above between the second and fourth dorsal ribs antero- 
dorsally of the capsule wall is not seen. In the Homalopteridae while Lepturichthys 
and Hcmaloptera leonardi show such a. sutural line, Balitora and H. rupicola do not. 
However, in Olaniopaia and Protomyzon the third (plus 2nd1) neural arch is clearly 
seen and between it and that of the fourth, the spinal nerve orifice discloses the 
ventrally lying tripus. The ‘keystone arch’, described in Nemachilua as lying in 
front of the third neural arch, is wanting in the examined genera of Bornean 
Gastromyzonids^. The short centrum of the first vertebra, which is opisthocoelous, 
carries a pair of independent dorsal ribs. The gasbladder capsule shows laterally 
paired orifices as in Nemachilua and the Homalopteridae. Ventrally the para- 
pophyses of the second vertebra are prominent and no indication of a separate third 
centrum is noticeable. 

The mainland forms show certain peculiarities. In Vemmanenia and 
Croasoatoma, the dorsal demarcation between the second and fourth rib extensions 
on the gasbladder is absent; however, the neural arches of those vertebrae could 
be clearly made out. While in Crosaostoma, the dorsal ribs of the first centrum 
are united terminally with the anterior face of the gasbladder capsule, in 
Vanmanenia, the ribs are free. Paeiidogaatromyzon and Beaufortia resemble each 
other closely. The ribs of the first centrum (fig. 9c dr\) are fused with the gas- 
bladder capsule and as in the Bornean forms, no sutmal demarcation is noticed on 
the dorsal aspect of the capsule. The neural arches of the second and fourth 
vertebrae are peculiarly broadened out to form horizontal processes (ea:24). 'The 
transverse canal {tre) shows only partial encasement by bone. The claustrum (d) 
articulates with the anterior face or edge of the second neural arch, the ‘keystone 
arch’ being not formed in the above two forms. 

The Gastromyzonid gasbladder capsule differs from that of the Homalopteridae 
in not possessing a horizontal process extending on the paravertebral space of either 
capsule from the third neural arch and resembles thereby the Nemachilini. 

As in the Cobitidae and Homalopteridae, associated with the second neural 
arch is the claustrum (figs. 9a, 9c cl) and between it and the funnel-shaped scaphium 
(sea) the posterior portion of the sinus impar of the united endol 3 nnphatio canal 
is enclosed. The scaphium is in contact with the triradiate tripus (fig. 9a tri) 
through the rodlike intercalarium (figs. 9a, 9c int) in the interosseous ligament 
(iol). One limb of the triradiate tripus (fig. 9a tri) is in contact with the gasbladder 
without its transmitting process, while the other limb (fig. 96 ^n) is in contact with the 
centrum (cen) of the fused vertebrae. Probably the derivation of these ossicles is 
not very different from what has been described by Watson (1939) in the goldfish. 

The caudal Jin akeleton . — ^The last three vertebrae support the rays of the caudal 
fin. The last vertebra, whose anterior face shows a typical concavity characteristic 
of the piscine vertebra, projects posterodorsally as the urostyle (fig. 9d ur). The 
hypoohordal lobe of the caudal fin is therefore larger than the epichordal and the 
fin is apparently symmetrical. The urostyle 1ms a free radial (r) anteriorly usually, 
but in Beaufortia there are two; posteriorly to the urostyle, there are five (fig. 9d) 
or six hypurals {Olaniopaia, Protomyzon, Beaufortia, Vanmanenia and Croaaoatoma). 
The attachment of the h 3 rpural 8 is rather interesting; there are three hypurals 
(hyl-hyS) immediately posteriorly to the urostyle articulating with it, the fourth 


^ It is likely that the second neural arch is fused with the third as there is no (dear 
demarcation between the two in the adult. 
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hypural (Ay4) is fused with the last vertebral centrum and jentrally to this, there 
are two hj^urals in all Gastromyzonidae (except PmttdogaMiomyzan) of which the 



TuacT Kia. 9(». Dorsal aspect of the gasbladder capsule and Weberian ossicles of Protomyton 
whiteheadi (Vaillant). 

,, 96. Ventral aspect of the gasbladder capsule and Weberian ossicles of Proiomyzon 

whiteheadi (Vaillant). 

„ 9c. Front view of the gasbladder capsule and Weberian ossicles of Peeudogaairomyzon 

fasciaivs (Sauvage). 

,, 9d. The caudal hn skeleton of PseudogaMromyzon Jasciaiua (Sauvage); fin rays are 

not shown. 

,, 9c. Ventral view of the basipterygia of GUmiopaia hankahi Boulenger. 

first (or fifth in the series) articulates and the next (or sixth) is fused with the base 
of the last centrum. In these forms therefore, there are two fused and four arti- 
culating hypurals. In Pseudogastromyzon (tig. 9d), however, the last two (fifth 
and sixth) have united together into a single hypural (hyS) which, of course, is 
fused with the base of the centrum of the last vertebra. While the hypurals and 
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epurals of the podultimate vertebra are normal, in the vertebra preceding this, 
the elements are forked in Ps^vdogaMromyzon, a feature also shared by Varmanmia. 

In NemachUus (Cobitidae), the number of hypurals on the posterior aspect of 
the TiTOstyle is seven with a single radial anteriorly to it; in the HomalopWidae 
(Bamaswami, 1952c, in press), the hypurals on the posterior aspect of the urostyle 
varies from 6 to 8. 

The basipterygia. — ^The natiure of the basipterygiiun is of great systematic 
importance (Fang, 1930 ; Hora, 1932). While the basipterygia of a large number 
of Gastromyzonids have been described, those of Qlaniopais are unknown. Qlaniopais 
also shows the two basipterygia (fig. 9e bpr, hpl) united mesially as in the Gastromy* 
zonidae and the Homalopteridae. Each basipterygium, however, shows anteriorly 
a lateral horn (Ih) characteristic of the Gastromyzonidae; but the forking to produce 
the horn is narrow as in the Cyprinidae, though, however, in the latter the two 
basipterygia do not approximate mesially. In the Homalopteridae generally, 
the horns are absent but a lateral foramen is noticed at the region the mc^fied rib 
comes in contact with it (Hora, 1932). In Okmiopsis, there is a deep depression 
(fig. 9e dep) noticed starting from the anteromesial edge and progressing laterally 
posteriorly. There are also a number of symmetrically placed foramina in the ’two 
basipterygia. Thus in the basipterygia possessing lateral horns, Qlaniopais 
resembles the other Gastromyzonid genera studied. 


Discussion. 


In describing the Homalopteridae (including the Gastromyzonidae) Hora 
(1932) noted that the two genera Octonema and Qlaniopsis were Cobitids and they 
belonged to the genus NemachUus. Particularly with regard to Okmiopsis, he 
recorded that ‘Their almost terminal mouth, the plain and fleshy lips, the long 
barbels and the beaked condition of the jaws especially the upper one, indicate 
close relationship between Okmiopsis and NemachUus. . . In my opinion Okmiopsis 
should be placed in the Cobitidae among Nemadhilus-y^onp (without suborbital 
spine). . . . ’ I have examined the skeletal characters of Okmiopsis, and Octonema 
was not available to me. Undoubtedly the Bornean Okmiopsis shows a large 
number of Nemachiline features but it also exhibits a few characteristic Gastromy* 
zonid features which cannot, however, be overlooked. The Nemachiline features 
exhibited by Okmiopsis are as follows: 


The possession of 1. 

2 . 

3. 

4. 
6 . 
6 . 

7. 

8 . 
9. 


a narrow supraethmoid, 
a pair of prepalatines, 
poorly developed lateral ethmoids, 
small lacrimojugal, 
very small subtemporal fossa, 
a projecting preopercular process, 
a posteriorly directed opercular process of the 
hyomandibula, 

a prominent ridge on the metapterygoid, 
a divided gasbladder enclosed in a b(my capsule with 
the Weberian ossicles associated with each. 


The features in which Okmiopsis differs from NemachUus may now be 
recounted. 

In Okmiopsis 1. the pharyngeal process is lai^, 

2. the expccipital fenestrae are absent and the exoooipitals 

‘ do not roof the fcnramen magnum, 

3, the posteriw i^ooess of the quadrate is short and broad, 
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4. the hyomandibula shows a flat facet for articulation with 

the pterotic, 

6. the orbitosphenoids are double, • js. r 

6. an independent sensory canal bone is absent in front of 

the preopercular, 

7. the posterior commissure connecting the two parts of the 

gasbladder does not show a posterior gasbladder, 

8. the basipterygia are mesially united and show lateral 

horns. 

It is clear that in a number of internal (as enumerated above by me) and 
external characters [as stated by Hora (1932)], OUtniopsis resembles iVemocAiltw. 
But in possessing independent sensory canal ossicles m the supraorbital, suborbital, 
temporal and supraoccipital regions and in not having the exoccipital fenestrae 
(HaniopJiu ataruls apart from the Cobitids. In the latter feature, however, it 
resembles the Horaalopteridae and the Gastromyzonidae. Of these two fa,mihes, 
it is more Gastromyzonid because of the possession of a shallow subtemporal fossa, 
of a hyomandibula showing a Hat pterotic articular facet, of a large pharynge^ 
process, of dorsal gillrakcrs on the branchial arches and of the mesially united 
basipterygia showing no lateral foramen. It is evident in view of the above 
observations that Olaniopms, though showing a number of internal and external 
Nemachilino featiires, has progressed towards the Gastromyzonidae. It could, 
iherefore, be treated as a member of the Gastromyzonidaei ; it may not be incorrect 
to treat OUmiopMix as the type of a group (or association of Fang) under the Gas- 
troinyzonidae in addition to the Gastromyzon- and Crossostomu-geoups created by 
Fang (1936). It is very likely that a loachlike ancestral Glaniopsid adapted itself 
to a life in torrential waters and developed Gastromyzonid features ; and such 
an ancestor was the progenitor of the modern Gastromyzonids in Borneo. 

Since GUiniopfiis is restricted to Borneo and is not found on the mainland, it 
stands to reason to assume that a separate ancestral type gave rise to the Chinese 
forms and Hora (1951) has come to the conclusion that the mainland and the 
Bornean forms had no geographical continuity during their evolutionary history. 
Thus the Chinese and Bornean forms have evolved independently and curiously 
many parallel features are seen among them. The Bornean Pfotomyzon and the 
Chinese Vo/nmane/nia resemble each other: the moderately large lacrimojugal* 
rostral, the large dorsal premaxillary process of the maxilla, the narrow supra- 
ethmoid portion, the absence of the prepalatine, the large lateral ethmoid and the 
occurrence of two preethmoids are all common features. Only in Protomyzon 
the supraorbital and temporal canals are independent of the skull bones resembling 
thereby Olaniopsis. Hora {in. litt.) informs me that there are resemblances between 
Glaniopsis and Protomyzon and the two could bo coimected by an intermediate 
form like Parhonmloptera which, unfortunately, I have not been able to secure for 
examination. Except for the points mentioned above, the skull of OUtniopsis 
diflfors widely from that of Protomyzon. However, in showing a large lacrimojugal- 
rostral, a premaxilla with a very large lateral limb and in the disposition of its 
dorsal process in front of the rostral and in the possession of a small supraorbital, 
the Bornean Oastromyzon (Rama«wami, 1948) is unique and must have evolved 


* In a recent article in the Records of the Indian Museum (Vol. 48, pt. 2, pp. 86-88, 1950^ 
Hora and Jayaram have re -described Olaniopsis and have discussed from a purely taxonomic 
point of view. They have concluded that ; 

"In its general form and structure, Olaniopsis differs little from NemaehUus and allied 
Cobit id genera, but in its greatly depressed head and anterior part of the body, and the division 
of the pectoral fin into an adhesive outer portion and a «dbrating inner portion, it shows an 
advemee over the Cobitidae and approaches the Gastromyzonidae. Qlamopsis could thus be 
considered as a less specialised genus in the Gastromyzonid group of fishes. * 
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independently of the other. Bornean j^era. Judging by the characters exhibited 
by Oastromyzon, it wbuld be incorrect to imagine that a form like that could have 
descended from a Glaniopsid-like ancestor. 

On the miainland also, while Beaufortia and Paevdogastromyzon show similaritieB 
in the natiire of lacrimojugal-rostral (comparable with the big one in Oastromyzon), 
in the large supraethmoid, in the possession of a frontoparietal fossa, of a supra* 
temporal which is not triradiate and of a rostral which is in contact with the 
supraethmoid process, CroaaosUma shows a comparatively small lacrimojugal- 
rostral (more like that in Vanmanenia and the Bornean Protornyzon), a small rostral 
and a pair of prepalatines and a very broad prevomer. It is difficult to derive 
Croaaostoma from any mainland or Bornean form examined since in none of these a 
prepalatine is developed ; it is only in the present-day Olaniopsis that the prepalatines 
are noticed and, therefore, it is likely that' on the mainland also a Crossostoma-like 
ancestor gave rise to the existing forms. Hora (in. lUt.) writes that Crossoatoma 
shows certain resemblances to Vanmanenia and an evolutionary series like 
Vanmanenia — Preformosania — Formoaania — Crossoatoma could be established. 
However, Vanmanenia and Crossoatoma resemble each other as already said, only 
in the relatively small lacrimojugal-rostral. According to me, as our knowledge 
of the Gastromyzonid skeleton stands today, three trends of evolution seem to 
have taken place on the mainland from an ancestral Crbssostomid: one resulted in 
the present-day Crossoatoma with the prepalatines; the other tw’o lines branched 
off before the appearance of the prepalatines in the ancestral Crossostomid and 
gave rise to Vanmanenia on the one hand and on the other to Beaufortia and 
Paevdogastromyzon. 

Thus there appears to be two independent lines of evolution of the Gastromy- 
zonid forms ; one on the mainland and the other in Borneo, the evolution therefore 
being diphyletic and as already remarked, most of these forms show parallel features 
in their organization. 

It may not be out of place here to mention that there are four important 
features in which the skeleton of the examined genera of the Gastromyzonidae 
differs from that of the Homalopteridae. The Homalopterid subtemporal fossa 
is very large while in the Gastromyzonidae, it is very shallow and the pharjmgeal 
process is also very well developed in the latter family. While in some Gastromy- 
zonidae, the hyomandibula shows a flat articular facet for articulation with the 
pterotic region, in no Homalopterid is such a feature noticed. The basipterygium 
of the Gastromyzonidae shows the lateral horn and lacks the characteristic homa- 
lopterid lateral foramen. The hyobranchial apparatus of the Gastromyzonidae 
exhibit the dorsal gillrakers, completely wanting in the Homalopteridae. 


Summary. 

1. The Bornean Olaniopsis exhibita a number of Nemachiline features, viz., narrow 
supraethmoid, prepalatines, poorly developed ethmoid, small subtemporal fossae and divided 
gasbladder enclosed in bony case. But it differs from it in not having united orbitosphenoids, 
in the absence of exoocipital fenestrae and in possessing the mesially imited basipterygoids. 
Therefore, it cannot be considered a Nemachiline Oobitid. It is more Gastromyzonid m showing 
shallow subtemporal fossae, dorsal gillrakers on the branchial arches and the mesially united 
basipterygoids with no lateral foramina. It is argued that a Qlazdopsid-like ancestor may 
have given rise to the Bornean Cktstromyzonid genera. 

2. Since Olaniopsis is restricted to Borneo, it is likely that some other form must have 
given rise to the (^tromyzonidae on the mainland of China, ‘l^e mainland forms vary among 
themselves very much and they are a polyphyletio assemblage. It is argued, therefore, that an 
ancestral Crossostomid may have given rise to at least three branches ; the first is represented by 
CrossosKma, the second by Vanmansnia and the third branch by Beaufortia and Pseudogas- 
tromyzon. 

, 3. Two independent lines of evolution of the Gastromyzonidae have therefore taken place; 
one on the island of Borneo and the other on the ma inland of China. It is known that there 
was no geographical continuity at any time between the two areas. 
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Key to Abbreviations. 


amy 

a • 

anterior myodome. 

an 

• • 

angular. 

ao 


passage for aortic branch. 

apa 

0 0 

articular facet of entoptery- 
goid for palatine. 

aq 


articular facet of the quad- 
rate for lower jaw. 

aup 

0 0 

auricular process. 

he 

0 0 

broken gasbladder capsule. 

bo 


basioccipital. 

bpl 


left basipterygium. 

bpr 


right basipterygium. 

cap 


gasbladder capsule. 

can 


fused centra. 

cl 


claustrum. 

CO 


occipital condyle. 

cl 


first centrum. 

c2 


f penultimate centrum and 

c3 


{ one behind it. 

den 


dentary. 

dep 


depression in the basi- 
pterygia. 

dpm 


dorsal premaxillary process. 

drl 


first pair of dorsal ribs. 

eap 


entopterygoid articulation 

facet of palatine. 

ecp 

0 0 

ectopteryaoid. 

dp 

0 0 

ethmoid Imoib of palatine. 

so 

0 0 

exoccipital. 

epi 


epiotic. 

ept 


entopterygoid. 

ep2 

. .. 

epural of the penultimate 
vertebra. 

ap3 


bifid epural. 
ethmoid. 

et 

• • 

eaf24 

• • 

expanded neural arches of 
second end fourth ver- 
tebrae. 

far 


articular facet for the 
radials. 

Sp' 


facet for the articulation of 
supraoleithrum. 


Spa 

•• 

facet of palatine for lateral 
prepalatine articulation. 

fpf 


frontoparietal fontanel. 

Sr 


frontal. 

Sr' 


ventral aspect of frontal. 

gap 


lateral opening in the gas- 
bladder capsule. 

hu2 


hypural of penultimate 

vertebra. 

hu3 


hypural of vertebra in front 
of the penultimate. 

hy 


hyomandibula. 

hyl 


[ liypurals associated with uro- 

hy& 


\ style and last centrum. 

in 


independent sensory canal 
ossicle. 

int 


intercalarium. 

top 


interopercular. 

ios 


independent sensory canal 
ossicles on sphenotic. 

iol 


interosseous ligament. 

if 


jugular foramen. 

les 


lateral extrascapular. 

let 


lateral ethmoid. 

Igb 


lateral wall of gasbladder. 

Ih 


lateral horn. 

H 


lacrimo jugal. 

Um 


lateral Umb of maxilla. 

Ipl 


lacrimojugal-rostral process 
of palatine. 

It 


lacrimojugal-rostral. 

l\ 


ligament between dorsal 
process of maxilla and 
palatine. 

12 

• • 

ligament between rostral 
process of maxilla and 
median rostral. 

12 

• • 

ligament between median 
rostral and anterior pro- 
cess of ethmoid. 

moo 

•• 

mandibular sensory canal 
ossicles. 
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mgb 

mp 

mr 

mr* 

n 

na2 

oa 

od 

ohy 


on 

oaj) 

op 

ope 

ophy 

opl 

opop 

opr 

op2 

08 

080 

o«7 

otr 

V 

pa 

pal 

pa8 

pet 

pe2 

ph 

php 

phy 

phy’ 

pU 


pl8 

pmp 

pmy 

pmx 

pop 

ppa 


median portion of gas- 
bladder, 
metapterygoid, 
median rostral, 
posterior portion of median 
rostral, 
nasal. 

fused second and third neural 
arches. 

articular process of oper- 
culum. 

outline of claustrum. 
optic foramen. 

outline of orifice in hyoman- 
dibula. 

outline of nasal, 
outline of opercular, 
opercular, 

orifice in the 8<M‘ond pre- 
othmoid. 

opercular process of hyo- 
mandibula. 
outline of palatine, 
outline of prooperciilar. 
orifice in prooiic. 
oiitline of second pre- 
othmoid. 
orbitospheno id. 
outline of subopercular. 
outline of 8o7. 
orifice for the tripus, 
anterior process of ethmoid, 
parietal, 
palatine, 
parasphenoid. 
first preethmoid. 
second preethmoid. 
facet for hyomandibular 
articulation, 
pharyngeal process, 
facet of hyomandibula for 
articulation with pteroiic. 
flat facet of hyomandibula. 
process of maxilla for ad- 
ductor mandibular muscle 
ligament, 
pleurosphenoid. 
posterior process of mo tap - 
terygoid. 

posterior myodome. 
premaxilla, 
preoperculor. 
lateral prepalatine. 


median prepalatine, 
artioular facet of maxilla 
with prepalatine, 
process of operculum, 
posterior process of quad- 
rate. 

process of the hyomandibula 

posttemporal. 

pterotic. 

prevomer. 

quadrate. 

articular facet in the angular 
for quadrate, 
radial. 

retroarticular. 

ridge on the metapterygoid. 

ridge on the entopterygoid. 

rostral process of maxilla. 

rostral process of premaxilla. 

supraangular. 

sesamoid bone. 

sensory canal ossicle. 

mesial sensory canal. 

scaphium. 

supraethmoid. 

sphenotic facet for hyo- 
mandibular articulation, 
faoot of hyomandibula for 
articulation with sphenotic. 
orifice for fourth spina 
nerve. 

supraoccipital. 
subopercular. 
sensory canal ossicles 1-9. 
sphenotic. 
sphenotic process, 
supratemporal. 
subtemporal fossa, 
supraoccipital sensory canal, 
supraorbital sensory canal 
ossicles 1-4. 
supraoccipital process, 
symplectic. 
symphysis meckelii. 
temporal canal, 
trigeminofacialis opening, 
transverse canal, 
tripus. 

ultimate centrum, 
urostyle. 

X>08tzygapophy8ial part of 
fourth vertebra. 


ppa' 

ppm 

ppr 

pq 

pr 

pt 

pie 

pv 


ur 

v4 


Q 

qa 

r 

ra 

ri 

ri' 

rpm 

rpp 

m 

sb 

sc 

sc' 

sea 

se 

sh 

sit if 

snA 

so 

sop 

sp 

spr 

ste 

8iii 

8U0\-SU04i 

sup 

sym 

tc 

tf 

ire 

tri 

uc 



A NOTE ON PHYSICAL CHARACTERISTICS OF RIVER SAND. 

By Harsh Vardhan, Defence Science Organisation^ New Delhi, 
(Communioated by Dr. D, S. Kothari, F.N.I.) 

(Received April 18; read August i, 1952,) 

Abstract. 

A few experiments with Jamna sand available at Delhi are described and discussed. These 
deal with sieve analysis, variation in dry density with compactive effort and moisture content, 
and the variations in shear-strength. It has been found that Jamna sand resembles to a fair 
degree the Daytona beach and the Port Said beach sands in the grain size distribution. The 
bulk density of dry sand incroases with compaction to a maximiim and then stays constant. 
Further increase in compactive effort is effective only in breaking the sand grains. Addition 
of moisture to sand, on the other hand, lowers the dry density at first rapidly and then slowly. 
For clean uniform sand there is no optimum moisture content at which the compaction be 
maximum as is the case with other soils. The shear-strength value, however, shows a definite 
maximum for a particular moisture content. This is so because of the cohesion which mainly 
contributes to the shear -strength and becomes most effective at the optimum moisture content. 

The samples of sand were taken at random from the sand heaps collected by 
the contractors for constructional purposes, and may be regarded as fairly 
representative. 
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The sieve analysis is graphically represented in fig. 1. The curve of fig. la 
gives the amount of sand by weight that is retained on a •sieve of a given mesh 
number but has all passed through a sieve of the lower mesh number. Fig. 16 
gives the weight of sand all passing through a corresponding sieve, in terms of 
percentage fraction of the total weight. Both the curves are based on values 
obtained without separating and accounting for the mica fiakes present in the sand. 
The quantity of mica by weight is though quite small, its presence may give some 
clastic properties to the sand mass and influence compaction and shear-strength 



etc. It is seen from the cmrves that the sand is medium and fine; it mostly consists 
of particles of sizes about -26 mm. The Allen Hazen’s most representative size, 
commonly called the Effective Size jDiq, is ’23 mm . It is the maximum diameter 
of the smallest 10% fraction. The Uniformity Coefficient C„ which is the ratio 
of the maximum size of the smallest 60% (D,©) to the effective size (i)io), is 1*8. 
It IS, therefore, a fairly uniform sand. The Du and Dg© are -28 and -42 mm. respec- 
tively and the piping factors can be determined according to as the a«-nd is to be 
used as a filtering or as the retained material. A grain size distribution carve, 
each for the Daytona beach and Port Said beach eandSi is reproduced (Tsohe- 
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botarioff, 1961) for comparison in fig. 2. The grain size distribution of Janma 
sand is almost similar to them both, but otherwise it consists of coarser particles. 

COARSE I FINE • 



20 40 60 140 200 

Fio, 2. 


^ The sand is grey-black in colour if looked at ordinarily in aggregate, but the 
various sieved fractions exhibit a change in colour. The coarser fractions show a 
darker shade than the finer fractions. On examining under a microscope it is 
found to consist of clear transparent and opalescent white particles mixed with 
black, grey, yellow, brown and mauve particles mostly opaque. The black, grey 
and brown grains are comparatively more in number than grams of other colours. 
The number of coloured grains is relatively more in coarser fractions. The finer 
fractions consist mostly of transparent grains. A rough estimate of relative 
abundance of uncoloured ^d coloured grams is given in Table I. The gmaUftr 
count ^of coloured particles in finer fractions leads to the conclusion that the coloured 
material is stronger than the uncoloured. The grains are all quite irrsgular in 
shape. A fair fraction of the flake mica is retained on Nos. 30 and 62 mesh B.S.S. 
sieves. The specific gravity of the sand is 2*68. The angle of repose for different 
fraoticms varies from 36* to 37*. 

Compaction of the sand is obtained by means of a hammer <rf 6 lb. falling 
through a vertical distance of one foot on smid placed in a c^indrical container 
which is made in two parts as usnid; the upper part being detachable in the form 
of a ring from the lower actual oontiuner. The latter has a capacity of 1/120 ft.*. 
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Tablk r. 


Porcentago of grains of various colours. 


Mosli No. of sieve 
retaining the sand. 

Clear 

transparent. 

Opalescent. 

Lightly coloured: 
brownish, 
yellowish, 
greenish. 

Dark coloured : 
grey, black, 
brown, red. 

30 

45 

10 

15 

30 

62 

60 

8 

12 

20 

72 

68 

6 

12 

14 

85 

74 

6 

8 

13 


The diameter of the container was only slightly more than that of the hammer to 
allow clearance for free movement. The hammer, therefore, strikes the whole 
surface of the sand each time thus giving more uniform compaction than is obtained 
by the conventional design. Each stroke of the hammer delivers an energy of 
H foot pounds. t 

The curves in fig. 3 represent the variation of bulk density of the different 
fractions of Jamna sand against compaction. Almost maximum compaction is 



COMPACTION IN No. OP 
BLOWS 
Pio. 3. 
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reached at 15 strokes of the hammer. More hammeri^ does not appreciably 
increause the biilk density. The maximum density obtained is 92-6 Ib./ft.*. The 
actual solid density, as calculated from the specific gravity value of 2*7, comes out 
to be 170 Ib./fb.* nearly. The value of 92-6 Ib./ft.* seems to be quite low and 
may partly be due to arching of sand grains in the container. The maximum and 
minimum bulk density for the whole dry sand is 96 and 78 Ib./ft.® and corresponds 
to a porosity of 42% to 64% respectively. J. Kolbuzewski (1960) has shown that 
porosity varies from 36% to 47% for Leighton Buzzard sand under different con- 
ditions of deposition. The porosity of well-arranged ideal aggregates of spheres 
varies from 25>96% to 47'64%. Porosities of compacted aggregates of spheres 
obtained by Fraser (1935) exceeded the calculated value of 25'96% by about 60%. 
The fact that the porosity of compacted spheres far exceeds the ideal minimum 
porosity suggests that most compact possible arrangements may never be obtained 
by ordinary compaction methods. Uniform loose sand and quick sand may have 
porosity as high as 46 to 48% (Baver, 1946). Pure quartz sand may weigh from 
90 lb. to 106 lb. when dry. 

In fig. 4 are given curves for dry density values plotted against the moisture 
content at two different compactions of 6 blows and 20 blows each. The dry 
density is maximum for sand when it is dry but becomes less, rapidly, as it 
is moistened and then remains more or less constant as the moisture is increased 
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GRADED JAMNA SAND. 

DRY DENSITY Vs MOISTURE 
CONTENT . 
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till the saturation limit is reached. This fall in the dry density value may 
be because of the ‘bulking’ of the slightly moist sand which partly persists even 
after compacti^^n, The increase in volume that exists even after compaction is 
because of the arching of sand grains which were thrown into favourable positions 
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to do 80 during bulking. Such a condition exists till saturation is readlied*, the 
sand grains float and further compaction is not possible,*’ According to Tsohe- 
botarioff water content of a relatively clean sand has practioally no 

influence on its dry density as produced by the same oompactive effort. A slight 
Edition of silt or clay to sand improves its grading and permits the development 
of greater density for the same compactive effort. The effect of moisture during 
moulding 's then considerable. So long as the amount of silt mid clay added is 

only small and no greater than is needed to partially 611 the voids of sand the 

maximum density will increase, and the optimum moisture content will decrease 
as compared with cleaner sand and the same compactive effort. ’ ^ 

A comparison of the two compactive efforts in the present investigationsuwith 
two other tests is given in Table II. The actual density values in the two oases 
obviously differ but the order of increase in dry density against the mcrease in 
compactive energy is almost the same. It is also to be noted that an increase in 



Fro. 6. 


Table II. 


Typo of compaction. 

Compactive effort 
in ft./lbs. per ft.* 

Dry density 
obtained Ib./ft • 

Moisture content 
% of dry wt. 

16 blows — ^proctor tost 


108 

12 

Standard proctor tost 


110 

12 

Authors 6 blows . . 

3,260 

78 

12 

Authors 20 blows . . 

13,000 

82 

12 


compactive effort on clean sand merely raises the curve towards higher dry density 
value without appreciably changing its general shape. 

The variation in shear strength \vith varying moisture content is shown by the 
curves of 6g. 6. The shear strength values are recorded by means of a miniature 
vane made according to^ the pattern described by Sherret and Evans (1948). The 
vane is ffrst calibrated by replacing it with a drum of diameter equal to the total 
span of the vane. The drum carries a pin passing through it alnng one of 
its diameters and projecting a little out of the surface at both ends. A thread 
fastened to the pin and around the drum passes over two ball-bearings at the two 
sides and carries at each of its two ends featherweight pans for loading. This way 
a rotating couple can be exerted on the drum and can be evaluated without requiring 
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oorreotioa for friction and gravity, etc. The calibration 'curve for the spring used 
is given in fig. 5. The slope of it gives the total torque on the spring per degree 
reining on the disc. The drum is replaced by the vane. It is inserted in the soil 
to same depth each time and the readings are recorded when the graduated 
disc has started moving with the pointer. Shear strength values are calculated 
from these readings and the vane dimensions. 



MOISTURE CONTENT (<b os ORY WtlONT ) 

Fia. 6, 

The hammer described before is used for compaction. Each blow of the 
hammer corresponds to an energy of 6 ft. lb., which, taking the volume of the 
soil to be a little more than 1/120 ft,* is nearly 660 ft. Ib./ft.* of the soil. A com- 
pactive effort of 6 blows used fc^r these curves, therefore, is equivalent to 3,250 ft. 
lb./ft,*« The following points are noticed from these curves * 

(i) The diear strength is lowest for dry sand. It rises as the moisture content 
is iilcreased up to a certain value cidled the * Optimum moisture content* and then 

falls again with farther increase of water content. 

« 

5 
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(ii) The maximum value of shear strength increases with decrease m grain 

size. 

(iii) The rate of increase of shear strength becomes less between 10% to 16% 
moisture content. 

The increase in shear strength in noncohesive soils like sand can be attributed 
to the presence of moisture in the sand mass. Thin layers of water first envelope 
the individual grains sticking strongly to the enclosed solid surface. This binding 
between water and solid surface is called Adhesion. The adhesive force of the 
soil for water varies from 0 in a saturated soil to 2,60,000 (Breazeale and Grider, 
1934) or more atmospheres in a nearly dry soil. In an ordinary air dried soil the 
pull is about 1,000 atmospheres. The quantity of moisture in such a case is so 
small that it docs not contribute to cohesion. When moist grains come close 
together the water envelopes bind with each other at the points of contact and 
develop in the soil mass what is termed cohesion. As moisture increases more 
grains are enveloped resulting in an increase in over-all cohesion till the water 
becomes excessive. Also as the sand grains become smaller in size the number 
per unit volume increases and so does the number of the binding contacts. It has 

been found that the cohesion varies inversely as the size of the particle, i.e. C* cc j 

(Baver, 1946) where T i.s the siu-face tension of water and d the diameter of grains. 
Gxd IB therefore a constant. Table III gives the values o£ Oxd for each of the 
curves of fig. 6 and shows that the product is almost constant. This also affords 


Tabi-e III. 


Shear strength or 
coliesiun C, 

Grain size d. 

T 

C in Ib./ft.* X d 
in mms. 

195 Ibs./ft.s 

•14 mm. 

27-3 

170 „ 

•16 „ 

27-2 

145 „ 

•19 » 

27-6 

124 „ 

•23 „ 

28*5 

87 „ 

•33 

28*7 


a check on the applicability of the vane to noncohesionless soils. The values of 
Cxd are a little more for bigger grain sizes. This may bo attributed to increased 
interlocking due to less similarity to spherical shapes. 
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ON THE CUTANEOUS SENSE-OEGANS OF A COMMON SILUROID 
PISH, BJTA RITA (HAMILTON). 

By IsnKHAB Hamid Bhatox, M.8c. 

(Communicated by Dr. Hamid Klian Bhatti, Ph.D. (Cantab), F.N.I.) 

(Received December 10, 1951; read May 9, 1952.) 

Cutaneous sense-organs of Teleostean fishes exhibit many features of interest, 
both as regards morphology and histology, and have been dealt with by a number of 
workers. Very little, however, is known of the details of such organs in the 
Teleostean fishes of the Indo-Pakistan sub-continent. Bhatti (1938) first described 
the cutaneous sense-organs in an Indian Siluroid fish, Rita rita (Hamilton). Islam 
(1960, 1961) and Bhatti and Islam (1960) described similar organs in a number of 
fishes studied by them. Recently Bimla Bhatia (1960) gave an account of such 
organs in Olyptothorax telchitta (Hamilton). Her account differs greatly from that 
of the previous authors. It has, therefore, been considered necessary to underta^ 
full investigation of the cutaneous sense-organs in one of our common Siluroid 
fish, Rita rita (Hamilton), so as to study the frequency and distribution of these 
sense-organs on different parts of the skin of this fish. 


Matbbial and Tbohniqub. 

The study of the cutaneous sense-organs of Rita rita has been made by cutti^ 
serial sections of the skin from various regions of the body, i.e., head, lateral line 
and barbels. The material was fixed in Bouin’s fluid and sections were cut to the 
thickness of 6 to 8/t. The various stains used were Delafield haemotoxylin, counter- 
stained with eosin, and orange 6., and Maim’s methylene blue with eosin. 
Mallory’s triple stain was used for some sections of the man^bular barbel to confirm 
the presence of connective tissue in the interior of the barbel. Cajal’s silver nitrate 
reducing method was tried, but without good results, for the detection of free nerve 
endings in the skin and nerve distribution to the various cutaneous sense-organs. 


BbSTOBIOAL. 

Leydig (1861) first described the cutaneous sense-organs in Esox, Otisterostew 
and 2/cto, but made no distinction between the organs of the lateral line and the 
beaker-shaped sense-organs or end buds. Schulze (1867) for the first time pointed 
out the difference in the form of the sensory cells in these two kinds of sense-organs. 
Merkel (1880) drew sharp distinction between the two classes of cutaneous sense- 
organs, namely, the beaker-shaped sense-organs, which he termed ’Bind knopsen* 
(en4 buds), and the others he called ‘Nerven hugel’ (nerve hillocks). This 
^stinction between the two kinds of the cutaneous sense-organs has been 
maintained by the subsequent authors. 

Walter (1928) includes under the cutaneous sense-organs a variety of receptors. 
In Teleostean fishes, there are, firstly, rheoreceptors or current receptors, namely, 
lateral Une sense-organs and nerve hillocks, which aid the animal in orientation to 
the flowing water, and secondly, guatoreceptors or end buds or taste buds with 
gustatory function. 
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OV A OOHMOK SIIiintOIB nSH, RITA RITA (HAMILTON) 

A. Rheoreoeptora. 

1. Lateral line aenae-organa . — ^In Rita rita (Hamilton), the latersJ line extends 
in a straight line along the sides of the body and is cutaneous, while in the region 
of the head it lies beneath the skin and becomes subcutaneous. It is a closed canal 
opening to the exterior by a number of small pores at regular intervals (Fig. 1, pr.). 
l%e distance between the two adjacent pores is 3-6 mm. in the adult, i.e., there 
are seven pores to every 2*1 cm. area. All the pores are single, sometimes double, 
and are arranged in a single row. The lateral line canal starts (Fig. 2) as a fine 
tube from the dorsal part of the hypoohordal lobe of the caudal fin. In fishes 
measuring 31*5 cm., 41*6 cm. and 52 cm. in length, the lateral line starts from the 
base of 4th (Fig. 2, 4ilh f.r.), 8th and 6th complete fin ray respectively. Curiously 
enough, such condition has been described mainly in connection with fishes with 
heterocercal tail (Collinge, 1894; Smith, 1936), while in Actinopterygii, where the 
tail is homocercal, the commencement of the lateral line is described at the base 
of the caudal fin (Smith, 1936). 

Histology . — ^In Rita rita, a transverse section of the skin passing through the 
lateral line shows the canal lying in the middle of the corium between the fibrous 
layers (Fig. 3) and not between the epidermis and the stratified fibrous layer as 
described by Wright (1884) in Amiurus. Brockelbank (1926), however, described 
in Amiurus nebulosua a similar location of the lateral line as found in RUa rita. 
The wall of the lateral line canal (Fig. 6 , can.w.) is generally composed of a single 
row of cells and not double as described by Brockelbank (1925) in Amiurus. In 
its interior, the lateral line contains a large number of sense-organs — ^the neiuro- 
masts — (Fig. 3, neum.o.), which are placed in a metameric fashion, their number 
corresponding to the number of pores present on each side. The neuromasts are 
sharply marked off from the epithelium of the canal, each of them occupies nearly 
half of the circumference of the canal (Figs. 3 and 4), and may be four times as thick 
as the epithelial wall of the canal. At the exact location of each neuromast, a 
tough fibrous investment of connective tissue encircles the organ (Figs. 3 and 4, 
Jih.ah.). This sheath corresponds to ‘osseous substance’ of Wii^t (1884) in Amiurua. 
Wright (1884) foimd no bone corpuscles in the ‘osseous wall’ of the canal as had 
been described by Leydig (1879). The corpuscles present in Amiurua, according 
to Wright (1884), were neither of bone nor of cartilage, though they were similar to 
connective tissue corpuscles. Later, Brockelbank (1926) described the investment 
of the neuromast in Amiurus nebulosua as a fibrous connective tissue, similar to 
one present in Rita rita. The lateral line canal is, thus, supported by a discon- 
tinuous sheath of fibrous tissue present only at the location of the neuromasts. 
The number of these sheaths corresponds to the number of the neuromasts in the 
canal. The sheath is considered to be a protecting element for the contents of the 
canal and is separated from the neuromast by an intervening space (Fig. 4, ap.f.). 
The radiating strtmds of the connective tissue of the corium {^joining the canal 


Explanation of Figs. 1-7, p. 648. 

Fio. 1. Skin of the lateral line region showing lateral line pores. x2. 

Fia. 2. Caudal fin, diowing oommenoement of lateral line, x i. 

Fio. 3. T.S. of skin, showing transverse section of lateral line. x60. 

Fie. 4. T.S. of lateral line canal. x296. 

Fio. 6. T.S. of lateral line canal, between the two neuromasts region. x845. 

Fio. 6, L.S. of ddn, showing lo^tudinal section of lateral line. xSO. 

Fio. 7. L.S. of lateral line canal. x206. 

con.te., wall of lateral line canal; el6.c., club cell; cor., corium; opt., epidermis ; A^.sh., 
fibrous sheath ; lateral line ; lum.can., lumen of lateral line canal ; m«c.e., mucous cell ; 

nerve cord ; net. fib., nerve fibree ; neum.o., neuromast cell ; neum.o., neuromast organ ; 
nuc.net(m., naoleus of neuromast cell; pr., pore of lateral line; »p.f., space between fibrous 
sheath and neuromast organ ; «w.o., sosWitacular coll ; 4th. f.r., fourth complete caudal fin ray. 
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remam in close contact 'with the exterior of the sheath. In the region 'where the 
nenromasts are absent, the connective tissue fibres of the corium are closely applied 
to the canal 'wall (Fig. 5), which, in this region, consists of a single layer of 'well- 
defined epithelial cells, 'while in the region of the neuromasts the wall may exhibit 
two or three layers of epithelial cells. 

Each neuromast is composed of two kinds of cells: (i) neuromast or receptive 
(receptor) or sensory cells and (ii) sustentacular (supporting) cells. 

(i) Neuromast or receptive cells, — ^The neuromast cells lie towards the lumen 
of the canal (Figs. 4 and 7, neumx.) and are superficial. They are long and arranged 
in a single layer. Those found on the sides of the sense organ are small in size, 
while those present in the middle exhibit their full length. Each neuromast cell 
has a large nucleus in its upper half (Fig. 7, nuc.neum.) and not in the lower half 
as shown by Cole (1898) in Qadus. Previous authors, Wright (1884), Cole (1898), 
Johnson (1917), Brockelbank (1925) and Walter (1928), described free hair at the 
free ends of the neuromast cells in the fishes studied by them, projecting into the 
lumen of the canal and are said to keep the fimd in the canal in motion. Such 
hairs, however, have not been observed in the specimens of Rita rUa studied. 

(ii) Sustentacular or supporting cells. — They are more or less of the same 
number as the sensory cells (Figs. 4 and 7, sus.c.) and their nuclei are found in the 
deeper part of the cells near the base of the neuromast organ, as has also been 
described by Brockelbank (1925) in Amiurus, The supporting cells occupy greater 
part of the neuromast organ and are situated beneath the receptor cells. Cole 
(1898) described the sustentacular cells in Qadus as ‘mucous cells’ corresponding 
to the ‘indifferent cells’ described by Wright (1884) in Amiurus. Nerve fibres 
(Figs. 4 and 7, ner.fb.) end at the base of the sustentacular cells and no direct con- 
nection between the nerve and the receptor cells is observed. 

2. Nerve hillocks or scattered pit organs. — ^The nerve hillocks or scattered pit 
organs in Rita riia are found all over the body and especially in large numbers over 
the head and at the sides of the lateral line canal. The pit organs have 
been described by the pre-vious authors, Ley^g (1851), Solger (1878), Wright (1884), 
Bauther (1907), Johnston (1908) and others, as accessory lateral line organs. In 
Rita rita, the structure of the nerve hillocks has previously been described by Bhatti 
(1938). Islam (1950a) made no mention of these organs in Rita rita. 

Histology. — ^In a transverse section of the skin, these nerve hillocks (Fig. 8, 
ner.hil.) appear as flask-shaped organs situated on the papilla of the corium (cor. 
pap.) and do not rest directly upon the surface of the corium as described by Bhatti 
(1938) in Siluroid fishes stuped by him. The corium papilla occupies a length of 
272ft in the epidermis which is 4^fi thick, the rest of the thickness, i.e. 128/t, is 
occupied by the nerve hillock, which is 80ft broad. The opening of the nerve hillock 


Explanation of Figs. 8-16, p. 660. 

Fio. 8. T.S. of ebin, head region, showing a nerve hillock, x 90. 

Fio. 9. SMtion of a tingle nerve hillock, x 360. 

Fig. 10. T.S. of dorsal lip, diowing a nerve hillock, x 60. 

Fig. 11. T.S. of skin, shewing a single taste bud. x 100. 

Fig. 12. Section of a single taste bud. x376. 

Fig. 13. T.S. of dorsal lip, tiiowing taste buds. x60. 

Fig. 14. Part of the section of mandibular barbel, showing taste buds, x 346. 

FIg. 16. Part of the section (longitudinal) of the nasal barbel, showing a tingle taste bud. 
xS46. 

&as.e., basal cell; (as.l., basal layer ; bl.v,, blood vessel; eart.r., oartilsginoas rod ; eU., eUia ; 
db.e„ chib cell; eor., corium; cor. pap., corium papilla; epi., epidermis; gas.c., gustatory eell; 
gus.op., gustatory op«ting ; Atl.op., nerve hillock opening ; mtM!.e., mucous cell ; ner.e., UMve 
ooid ; nerMl,, nerve hillock ; nerMl.lum., hunenUf n«ve hillock ; pig.l., pigment layer; 
sensory cell ; sus,e., sustentaoular cell ; eu«.e.{nt., internal sustentacular cell ; «u«.o.j>er*., 
peripheral sustentacular cell ; tae.bd., taste bud. 
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to the exterior is 32/t in diameter, while the length of the neck of the fiaskHdiaped 
hillock is 48/t. The neck in the region of the lip (Fig. 10) is very long and measures 
120/i in length, while corium papilla is short. 

Each nerve hillock, like the neuromast of the lateral line, contains two t 3 rpe 8 
of cells: (i) sensory or receptor cells and (ii) sustentacular or supporting cells, 
occupying an area of 48/i at the base of the hillock. 

(i) Henaory or receptor cells (Fig. 9, sen.c.) form a single layer, like those of the 
lateral line canal organ cells, but their number in each hillock is very small. In 
structure, these sensory cells are similar to those described in neuromasts. They 
are pear-shaped, with their broEul ends towards the cavity of the nerve hUlock, 
and pointed en^ directed downwards. Their number varies from six to eight, 
have acidophil contents and a large nucleus. Cilia or cirri, which are said to be 
present on their free ends (Rauther, 1907), have not been observed in the specimens 
of BUa riia studied. 

(ii) Sustentacular or supporting cells. (Fig. 9, sus.c.) are found at the base of the 
sensory cells and act as supporting cells. Each cell is narrow and long, having 
a big nucleus at the base. These cells directly rest upon the papilla of the corium 
and to their bases join small nerve fibres. 

There are no rheoreceptors on the barbels. 


B. Oustoreeeptors. 

Gustoreceptors or taste buds or end buds are found scattered all over the 
stirface of the body of Rita rita and are in abundance over the head and barbels. 

Histology . — ^The taste buds may be compared to close rose buds. Each taste 
bud is seen resting on a papilla of the corium (Fig. 11, tas.bd., cor. pap.), similar to 
the papilla of the nerve hillock. In a transverse section of the skin of the head, 
where the epidermis is 480/x thick, taste bud occupies an area of 60^, and the papilla 
of the corium occupies the rest of the thickness, i.e. 420/*. Each taste bud is wide 
at the base and in the middle and measures about 63/t in width. It narrows at its 
upper end towards the pore, by. means of which it co mm unicates to the exterior. 
The pore is termed gustatory pore (Fig. 12, gus.op.) and is 17/t in diameter. 

Taste buds on the dorsal lip are longer than those on the body, each measuring 
128^ in length on a papilla of the corium 240/* long. Usually each papilla carries 
® single taste bud, but occasionally two taste buds may be seen resting upon a 
single papilla (Fig. 13, tas.bd.). 

On the barbels (Fig. 14), the taste buds lie on short papillae of the corium, 
because the epidermis is few layered. The corium papilla, in maxillary and mandi- 
bular barbels, measures 16/* in length and epidermis is only 64/* in thickness, while 
the taste bud is about 48/* long. On the nasal barbel (Fig. 16), the taste buds are 
preset on the anterior face, while the posterior flattened surface of the barbel, 
which faces the narial opening, is completely devoid of taste buds. Each taste 
bud on the na,8al barbel is long and narrow, measuring 80/* in length and 48/* ip 
thickness, resting on a very short raised area of the corium. 

Three t37pe8 of cells are concerned in the formation of a taste bud, namely 

/•••» xt ^ neuroepithelial cells, (ii) the sustentacular or supporting cells, and 

(m) the basal cells. ^ 

(i) Gustat^ or nmroepithelial cells (Fig. 12, gus.c.) are narrow and spindle- 
shaped slightly eidarged basal ends. Each cell has a big nucleus in its enlarged 

»*^terir^ate8 distally into a delicate protoplasmic hair or cilin'm (Fig. 12 
ctt.). Tne mlium, in the skin firom the head region, projects out of the gustatory 

?n KWI,” J^gion. These cUia have not been dScribS 

previous authors (Bhatti, 1938 ; Mam, 1960a). 

in) Svstet^lar w supporting cells are of two kinds: the peripheral' or 
tegmental and mtemal sustentacular cells. The peripheral cells (^. 12 susc 
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^n.) are broad with a big centrally placed nucleus and they cover the taste bud at 
the sides acting as a supporting sheath. Internal sustentacular cells (Fig. 12, 
siM,e.int.) are spindle-shap^ and lie scattered among the sensory cells a little below 
the middle of the cavity of the taste bud. 

May (1925), while working on Amiurus, observed cells which displayed inter- 
mediate stages between typical gustatory cells and sustentacular cells. But no 
such intermediate stages have been observed in BUa rita. 

(iii) Beual edh (Fig. 12, baa.c.) lie at the base of the taste bud. They vary in 
number from 15 to 26. Their number is not given in Bita rtia by any of 
the previous workers. On the nasal barbels their number in a taste bud varies 
from 18 to 24 (Fig. 16, baa.c.), and it is their large number, together with l<mg and 
narrow gustatory cells, that makes the taste buds on these barbels look much longer 
than those on the body. The basal cells are not described by Wright (1884) in 
Amiurus. Kappers, Huber and Crosby (1936) describe these cells as broad and 
connected with the sustentacular cells by means of protoplasmic strands. These 
strands, however, were not observed in Bita rita. 

Discussion. 

A. Bheoreeeptors. 

1. Lateral line sense-organs . — ^In BUa rita (Hamilton), the caudal fin is 
homocercal like other Teleostei, but the lateral line does not start at the base of the 
caudal fin in the medial line. It commences as a fine tube at the base of the 4th, 
6th and 8th complete fin ray in the dorsal half of the hypochordal lobe of the caudal 
fin in fishes measuring 31*5 cm., 52 cm. and 41*5 cm. in length respectively. 
This asymmetrical commencement of lateral line does not agree with that describ^ 
by Collinge (1894 and 1895) and Smith ^935) in other Teleostean fishes. * Colling 
(1894) observed that in Polypodon and Acipenser, where the tail is heterocercal, 
the lateral line commenced at a distance of about 180 mm. and 13*5 mm. 
respectively from the tip of the caudal fin. A year later Collinge (1895) described 
the distribution of the lateral line canal in some Teleostei like Amiurus, Pimddodus, 
Ldbeo, Salmo and CMichthys and showed the commencement of the lateral line as 
an exceedingly fine tube from *base of the caudal fin’ or ‘at the base of the fin ray’. 
Smith (1935) classified the fishes according to the position of the lateral Ihie 
commencement in the caudal region and observed that in Holocephali, Euseladiii 
and Crossopterygii, where the tail is mainly heterocercal, the lateral line coincides 
with the asymmetry of the tail, while in Actinopterygii, where the tail is homocercal, 
the lateral line commenced at the base of the cau(htl fin and figured it as such in 
Salmo. In Amia, too, the lateral line is shown starting from the middle of the base 
of the caudal fin (Collinge, 1895; Smith, 1935). 

In BUa rita (Hamilt(m), the asymmetrical commencement of the lateral line 
canal in the cau^l region is remarkably interesting and may be presumed to 
coincide with the internal asymmetry of the caudal fin and thus afford a strong 
evidence that a homocercal tail in Teleostei is derived from heterocercy. 

The wall of the lateral line canal is described by previous authors as consisting 
of a single row of undifferentiated epithelial cells as iii Oadus (Cole, 1898) and in 
Mustelua (Johnson, 1917), or of double row of epithelial cells as in Amiurus 
(Brockelbank, 1925). In BUa rita, however, it has been olnserved that the canal 
wall in the region of neuromasts consists of two layers of cells, while in the regi<m 
between the two neuromasts the wall is made up of a single row of well-defined 
cells. 

The sensory receptor cells in each neuromast have big granular nuclei, which 
afe described by previous workers as situated at the base of the senso^ cells as in 
Oadus (Cde, 1898) and Amiurus (Brockelbank, 1926). In BUa rita, however. 
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these nuclei do not lie at the base but they are in the upper halves of the sensory 
cells, similar to the condition described by Johnson (1917) in Mustdva eania. 

Nerve hillocks or scattered pit organs. — The nerve hillocks bear a remarkable 
resemblance in structtire to that of the neuromasts or lateral line (ngans. This 
resemblance was also noted previously by Wright (1884), Allis (1889), Walter 
(1928) and others. Allis (1889), while working on the development of lateral line 
organs in Amia, showed the origin of lateral line as an invagination of the epidermis 
and observed that ‘the sensory canal organs are at first found on the surface of the 
body, later sink below the surface, but they carry with them the surrounding tissue 
and by a process of infolding become enclosed in short canals, each containing a 
single organ. These short canals then become continuous and a single surface 
opening being left between every two consecutive organs along each line’. The 
nerve hillocks in Rita rita show their origin as a sli^t invagination of the skin, 
and their cavity, the neck and the opening are lined by epithelial cells, which are 
in continuation with the outer surface layer of epidermis. The nerve hillocks do 
not sink deep into the epidermis, and lie on the papillae of the corium in a super- 
ficial position, while in an African Silmoid fish, Doris, studied by Bhatti (1938), 
the nerve hillocks are sunk in pits and lie deep in the epidermis, resting directly 
on the corium, which does not form any papillae. These different locations of the 
nerve hillocks in Siluroidea may be regarded as steps, which recapitulate the 
evolutionary stages in the development of lateral line canal, and in Rita rita the 
superficial position of nerve hillocks, which so closely resemble the nem*omasts of 
the lateral line canal, may be regarded as primitive one. 

In nerve liillocks, as in the neuromasts of the lateral line, there are two kinds 
of cells: sensory and sustentacular. It may also be added that the nerve supply 
of the nerve hillocks and the neuromasts of the lateral line has the same centre in 
the brain (Herrick, 1903; Johnston, 1908), and both form part of one and the same 
acoustico-lateral system. 

B. Oustoreceptors. 

Earliest references to gustoreceptors or taste burls or end buds are those of 
Leydig (1851), Schulze (1867), Solger (1878), Merkel (1880), Wright (1884) and 
others. Schulze (1867) assigned the gustatory function to the end buds. Merkel 
(1880) recognised the structural dissimilarity between the neuromasts and the 
taste buds, but ascribed to both essentially the same function of ‘touch’, saying 
that both the neuromasts of the lateral line system and the terminal buds are tactile 
organs, the buds being more delicate. He denies the gustatory function to all 
terminal buds, even those within mouth of all vertebrates below Mammalia 
(Herrick, 1902). The function assigned to these buds by Herrick (1902) is 
gustatory or taste and he proved it by experiments. Olmstead (1920), May (1926), 
Walter (1928), Kappers, Huber and Crosby (1936), Bhatti (1938) and Islam (1950, 
1961) also called them taste buds with gustatory function. Bimla Bhatia (1950) 
described two kinds of sensory buds on the lips of Glyptothorax telchitta (Hamilton), 
and to one of them, she assigns the function of taste but terms them as ‘Tango- 
receptors ’. This term, used by her, literally means the tactile organs or the receptors 
for touch and pressure. It does not seem appropriate to use this term for 
the receptors which are purely taste receptors. Bie second class of sensory buds 
described by Bimla Bhatia (1960) are termed by her as ‘Chemoreceptors’, which, 
according to her account, perform olfactory functions and differ from the so-called 
‘tangoreceptors’ in having spherical shape, while the latter are flask-shaped. In 
Rita rita, the taste buds on the nasal barbels and on the lips are quite long and 
narrow and differ in shape from those found elsewhere, but nevertheless they are 
the same receptors, the difference in shape being due to varying thieknpiwa of the 
epidermis in different regions of the Imdy. The distinction of two kinda of 
receptors into tangoreceptors and chemoreceptors merely on account of their shape 



OF A COMMON SILUEOID FISH, RnA RITA (HAMUiTOK) 665 

by Simla Bhatia (1960) is not appreciable and has already been criticised by Islam 
(1951a). 

Gustatory receptors are present in abundance on all the barbels and it may 
safely be presumed that the barbels serve entirely as gustatory receptor organs. 
The taste buds on the nasal barbels are confined to one side only, while the other 
side,* which faces the narial opening, is completely devoid of taste buds. This is so, 
because the face of the nasal barbel which is towards the nasal opening presumably 
does not need gustatory receptors as it lies within the olfactory region. 

Summary. 

Cutaneous sense-organs in RUa rita (Hamilton) include firaUy, Rheoreceptors comprising 
lateral line sense-organs and nerve hillocks, and secondly, Gustoreceptors or taste buds or end 
buds. 

2. Lateral line starts as a fine tube from the dorsal half of the homocercal caudal fin at 
the base of 4th, 6th and 8th complete fin ray in Rita rita measuring 31*5 cm., 52 cm. and 41*5 
cm. in length respectively. This asymmetrical position of the lateral line coincides with the 
internal asymmetry of the caudal fin and may be said to afford a strong evidence that a homo- 
cercal tail in Teleostei is derived from hoterocercy. 

3. The wall of the lateral line canal is composed of two layers of undifferentiated cells 
in the region of the neuromast, while in the region between the two neuromasts it is made up 
of a single row of well-defined cells. 

4. The lateral line in its interior contains a large number of sense-organs or neuromasts, 
their number corresponding to the number of pores on each side. Each neuromast is made 
of two types of cells: (i) sensory cells which have their nuclei in the dorsal halves and 
(ii) sustentacular cells having their nuclei in their lower halves. Each neuromast is protected 
by a thick fibrous investment. 

5. RheoreciDptors are entirely absent on all the barbels. 

6. The nerve hillocks, or scattered pit organs, show remarkable resemblance in structure 
to the neuromasts or lateral line sense-organs. The nerve hillocks are lodged on the papillae 
of corium and show their origin as slight invagination of the skin. They do not sink dew in 
the epidermis as is the case in an African Siluroid fish, Doris, described by Bhatti (1938). These 
different locations of the nerve hillocks in Siluroidea may be regarded as steps which recapitulate 
the evolutionary stages in the development of the lateral line sense-organs, and the superficial 
condition found in Rita rUa may be regarded as primitive. 

7. Gustoreceptors or taste buds or end bu^ are found scattered all over the body of Rita 
rita (Hamilton), and are found in abundance on the head and barbels. They are purely taste 
receptors and are composed of three types of cells: the sensory cells, the sustentacular or 
supporting cells and the basal cells. 

8. The taste buds found on the lips and the nasal barbels are long and differ in shape from 
those found elsewhere. This difference in shape is only due to the varying thickness of the 
epidermis in different regions of the body. On the body the taste buds rest on a long papilla 
of the corium, while on the barbels the papilla is very short. On the nasal barbel the taste 
buds are wanting on the posterior side, which faces the narial opening. 
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Abstract. 


An account is given of the Fusaria isolated from black cotton soils collected from Udamalpet 
(Coimbatore District, South India). The soils were collected from areas known to be severely 
infested with the cotton wilt Fusariutn (FusoHum vasinfecmm Atk.) for years. The Fusaria 
isolated were : 


Section Sporotrichiella 

Fuearvutn poae (Peck) Wr. 

F. chJamydoaporum Wr. et Rg. 

Section Roseum 

F. avenaceum (Fr.) Sacc. 

Section Gibbosum 

F. equiseti (Corda) Sacc. 

F, scirpi Lamb, et Fautr. 

F. scirpi Lamb, et Fautr. v. acuminatum (Ell. et Ev.) Wr. 
F, scirpi Lamb, et Fautr. v. caudatum Wr. 

Section Discolor 

F. cuJmonm (W.G.Sm.) Saco. 

Section Elegans 

F, axysporum Schlecht. 

F. vasinfeetum Atk. 

Section Martiella 

F. javanicum Koord. 

F. javanicum Koord. v. radicicola Wr. 

F. eolani (Mart.) App. et Wr. 

F. soUmi (Mart.) App. et Wr. v. Mariii (App. et Wr.) Wr. 
F. solani (Mart.) App. et Wr. v. minus Wr. 

F, solani (Mart.) App. et Wr. v. striatum (Sherb.) Wr. 


Introduction. 

Much emphasis has been placed in recent years on the soil-bome nature of 
many plant diseases caused by Fusaria. The importance of studying the micro- 
ecology of fungi in soils has also been emphasised. A prerequisite for such a study 
is a systematic account of soil fungi. Much of the literature on this subject has 
been brought together by Gilman (1946). Fusaria from soils have also been 
investigated by many workers (Hansford, 1926; Beinking and WoUenweber, 1927; 
Blinking and Manns, 1933, 1934; Beinking, 1934). However, no detailed 
inyestigations have bc^n reported on the occurrence of species of FusaHum in 
Indian soils. The only Fusaria recorded as occurring in Indian soils are: 
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Species. Locality. Authority. 

in J'. o*v»porMOT Schlecht. Field soil, Lahore; Paddy Cbaudhuri A Saob^rt 

field soil, Calcutta. 1934; Qbatak A Boy> 

1939. 

(2) F. dimetum Ponzig . • Paddy field soil, Calcutta. Ghatak A Hoy, 1939. 

(3) F. aolani (Mart.) App. et Wr. . . ,, •> 

(4) F. ortliocerat App. et Wr. . . „ » 

(5) F. vaeinfaoum Atk. . . Black cotton soil, Udam- Subramanian, 1946. 

alpet, Madras State. 

The need for a systematic study of soil Fusaria appeared importimt to the 
author in the course of his studies on Fusarium wilt of cotton plants in South India. 
During a period of over three years, occurrence of Fusaria in black cotton 
soils from Udamalpet (Coimbatore District, Madras State) was studied by the 
author and a large number of Fusaria was isolated from these soils. It was 
proposed, in a scheme of work submitted to the National Institute of Sciences of 
India, to make a systematic study of the Fusaria isolated by the author from cotton 
soils and the results are presented hero. Where necessary, the author’s isolates 
have been compared with cultures of Fiuiarium species obtained from the Centraal- 
bureau voor Schimraelcultures, Baarn. The system of Wollenweber and Reinking 
(19.35) has been followed in classifying the isolates. 

Methods. 

Methods of Isolation . — Two methods were used for the isolation of Fusaria 
from soils: (a) the dilution plate technique (Smith, 1946); and (5) the ‘root burial’ 
technique (Sadasivan, 19.39; Subramanian, 1946), cotton root bits being autoclaved 
with and without extra nitrogen before being buried in soils. The latter method 
lacks the precision required for quantitative studies, but was found better than the 
dilution plate method for isolating Fusaria from soil. 

Cultural .<itudip.s . — The Fusaria isolated were studied in culture following 
methods recommended by Wollenweber et al. (1926). In every case, single spore 
cultures were made and these were maintained on potato dextrose or oatmeal agar. 
The pH of the media was not adjusted. Throughout the present investigation a 
minimum of three replicates were studied in each case. Cultures were incubated 
in diffused light at room temperature (28-31®C.). No- advantage was gained by 
incubating cultures at a lower temperature (19-22°C.). 

Cultural characters like amount of aerial mycelium, colour of aerial mycelium, 
production of sporodochia, etc. were recorded on the 10th, 2l8t and 30th day after 
inoculation, li^ere necessary, examination of cultures was continued beyond the 
30th day. Records of colour were made using Maerz and Paul’s (1930) Dictionary 
of Color. References to different colours in this paper are accompani^ by Maerz 
and Paul’s numerical designations for these. 

Genebal Obsebvations. 

Before giving details of the Fusaria isolated, it is necessary to sum up some of 
the general observations made during this study. 

(i) Certain cultural characters like amount of aerial mycelium, its presence 
or absence,^ or its colour, could be highly variable for a given isolate. The extent 
of sporulation could also vary, a given isolate sporulating very well imder one set 
of conditions but not under others. 

(ii) Cei^in other characters like the shape, size and septation of spores, 
however, did not vary to such a great extent. A given species produced usually 
the type of spore characteristic for that species, in whatever medium it was grown. 

(iii) The majority of the isolates studied were in a state of ‘high culture’— 
the hochkultur’ of Appel and Wollenweber (1910). Macroconidia were produced in 
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abunduice by these isolates. A few isolates, however, exhibited poor sporulation 
or none at all. In a few cases no improvement in sporulation could be achieved 
by the use of different media. 

In general, among the isolates studied the following categories may be 
mentioned: 

(a) producing chlamydospores, microconidia, and a few macroconidia 
generally scattered in the aerial mycelium ; 

^5) producing chlamydospores, microconidia and macroconidia — ail in 
abtmdance; 

(c) producing a large number of chlamydospores and macroconidia, but 

fewer or no microconidia; and 

(d) producing a large number of macroconidia, fewer microconidia, and 

fewer or no cMamydospores. 

(iv) In no case during the course of this investigation was any saltation 
observed to occur in the isolates studied. 

Fusabia Isolated fbom Soils. 

The species are listed under the sections in which they have been placed by 
WoUenweber and Reinking (1935). Measurements of conidia and chlamydospores 
are given in microns. 

Section Sporotrichieila. 

Microconidia 0-1 -septate, spherical-ovoid, lemon-, pear-shaped, or fusiform 
or elliptical. In the species F. chlamydoaporum and F. poae macroconidia are 
few and are scattered in the aerial mycelium ; in F. sporotrichioides and F. tricinctum 
they are usually abundant and are produced in sporodochia and pionnotes. Macro- 
conidia resemble those of section Boseum. Unlike section Roseum, howevet, 
chlamydospores ore produced in abundance. Colour of stroma carmine to purple 
red or ochre yellow. 

Fumrium poae (Peck) Wr. 

WoUenweber apud Lewis, C., Maine agric. Exp. Sta, Bull., 219: 264r-68. 1913. — 
WoUenweber, Ann. mycol., 16: 10. 1917. — ^WoUenweber & Reinking, Die Fusarien, 
p. 47, ic. 1935; Die Verbreitung der Fusarien in der Natur, p. 32, ic. 1935. — Jamal- 
ainen, E. A., Uber die Fusarien Filmlands II, Valt. Maatalousk. Julk., 123: 3, 
ic. 1943.— WoUenweber, Zbl. Bakt., Abt. II, 106 : 109, 127, ic. 1943. 





Fio. 1. A, Fueammpoae, conidia and chlamydoq>ores 
from 10 days old culture on oatmeal agar; 
B, F. chlamydoaporum, conidia and chlamy- 
doqpotes from lO days old culture on oatmeal 
agar. 
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Wollenweber, Fus. del. 110, 664, 886, 1130. 

Conidia numerous, globose or ovoid, sometimes pedicellate, rarely ellipsoidal 
or piriform, mostly 1-celled, 1-celled conidia measuring 7x6’6 mostly 6-9x4-7 
(3-10x3-8), 2-celled 13x7 (6-20x4-10), rarely fusiform. 3-septate conidia 
rare, but when present measure 26x4. Colour of stroma carmine to purple red, 
or ochre yellow. Chlamydospores mostly intercalary, in chains or clusters, ochre- 
brown in colour, diameter 14 (11-17). 

Growth on Media. 

On potato dextrose agar growth was very flufi^ with pinkish tinge or else white, 
at places yellowish or cream coloured with no development of sporodochia or 
pionnotes. On oatmeal agar growth was adpressed with no aerial mycelium; 
substratum was coloured with tinges of cream. Cinnamon Fink (6 C 10) or Boseglow 
(6 D 9) ; no sporodochia or pionnotes developed. On Richard’s agar growth was 
white and fluffy, the mycelium being tinged with Ivory (10 B 2) colour in patches; 
sporodochia and pionnotes none ; stroma was well developed and was Oyster white 
(10 B 1) in colour. On lupin stems growth was fluffy with white mycelium, 
becoming Ivory (10 B 2) to Peach Blow (10 B 6) with age; sporodochia and 
pionnotes did not develop. On steamed rice growth was fluffy and the following 
colours developed in the substratum : Golden rod (10 L 6), Burnt Orange (3 E 12), 
Lam-el pink (3 J 7), Saona (6 E 11). 

Mmsur^mMs of Conidia. 

Oatmeal agar, 30 days old: 

Conidia globose 

0- septate 7-3 x 6-7 mostly 6-8-8-3 X 4-9-6-6 (4-10 X 4-8) . . 94% 

1- septate 13x7 (6-20x4-10) .. .. .. 6% 

Conidia fusiform-falcate 

0- septate 13 X 4-7 few 

1- septate 17x4 few 

2- septate 17x4 few 

S-septate 26x3-9 few 

Potato dextrose agar, 21 days old; 

Conidia globose 

0- septate 6-9 x 6-4 mostly 6-8-8-3 X 4-9-6-6 (3-10 X 3-8) . . 96% 

1- septate 14x6-9 (6-20x4-10) .. .. .. ,4% 

Conidia fusiform-falcate 

0- septate 14x4-6 few 

1- septate 16x4-1 few 

2- scptate 16x3-3 few 

3- septate 26x4-1 few 

Average of the above measurements: 

Conidia globose 

0- septate 7 x 6-6 mostly 5-8-8-3 x 4-9-6-6 (3-10 X 3-8) 

1- septate 13x7 (6-20x4-10) 

Conidia fusiform-falcate 

0- septate 13x4-6 

1- septate 17x4 

2- septate 17x3-6 

3- septate 26x4 
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F. Mmydosporum Wr. et Bg. 

Wollenweber & Beinking, Phytopathology, 16 : 166, 1926. — ^Bemkmg & 
Wollenweber, Philip. J. Sci., 32 : 116, ic. 1927. — ^Wollenweber, Z. Farasit^ik., 
3 : 476. 1931. — Wollenweber & Beinking, Die Fusarien, p. 47, io. 1936; Die 
Verbreitung der Fusarien in der Natur, p. 19. 1936. — ^Doidge, E. M., Bothalia, 
3 : 346, io. 1938.— Wollenweber, Zbl. Bakt., Abt. II, 106 ; 107, 128. 1943. 

Wollenweber, Fus. del, 883. 

Mioroconidia oval or pyriform, mostly non-septate, 7>8x3 (4-14x1-4), rarely 

1-septate 14’3x2*8 (9-22x2-4). Macroconidia rare, when present scattered, 
falcate, 1-3-septate; 3-septate 26 x 3 (14-30x1-4); sporodochia none; mycelium 
floccose; growth on substratum plectenohymatous, of various colours, rose to 
carmine, sulphuric yellow to dark brown; chlamydospores produced prolifically, 
globose or pyriform, terminal or intercalary, occurring singly, in pairs, mostly in 
chains and clusters, 8-16 in diameter. The abundance of large chlamydospores 
is a characteristic of the species. 


Growth on Media. 

On potato dextrose agar growth was fluffy in the beginning, the fluffy mycelium 
collapsing later on; mycelium white, cream (9 D 2) or pinki^ (1 B 1) coloured; 
sporodochia and pionnotes were not produced. On oatmeal agar growth was 
adpressed with no aerial mycelium, no sporodochia and no pionnotes; there was a 
weak development of a pink colour due to the stroma. On steamed rice a variety 
of colours was produced: shades of Glint o’Gold (11 K 4), Golden rod (10 L 6), 
Burnt Orange (3 E 12) and Laurel pink (3 J 7); these colours deepened to brown 
with age; aerial mycelium was well-developed, sporodochia and pionnotes were 
absent. On lupin stems and lupin leaf extract agar growth was white and fluffy 
with no sporodochia <and pionnotes. 


Measurements of Conidia, 
Oatmeal agar, 21 days old: 


0- septate 7-6 X 3-3 mostly 6-9 X 2-6-3-9 (4^12 x 2-4) . . 98% 

1- septate 14x3 .. .. .. .. 2% 

3-septate 28x3*3 .. .. .. .. rare. 

Potato dextrose agar, 30 days old: 

0- septate 8*1 X 2*6 mostly 6-9 X 2*6 (4r-14x 1-4) .. ..41% 

1- septate 14-7 X 2*6 mostly 11-17 x 2*6 (9-22 x 2-4) . . 41 % 

2- se|)tate 18*3 X 3*3 * .. .. .. rare. 

3- septate 24x2*8 mostly 19-30 x 2*6(14-30x1-4).. .. 18% 


Average of the above measurements: 

0- septate 7*8 x 3 mostly 6-9 X 2*6-3*9 (4-14 x 1-4) 

1- septate 14*3x2*8 mostly 11-17x2*6 (9-22x2-4) 

2- septate 18*3x3*3 . 

3- septate 26 x 3 mostly 19-30 X 2*6 (14-30 X 1-4) 


Section Roseum. 

‘Macroconidia subulate, thin-walled, slender, falcate to almost strai^t, 
cylindrical and of even diameter foi; a considerable part of their length, tapering 
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gradually to both ends, apical cell long, sometimes narrow filiform, base more or 
less pedicellate; orange colour or lighter in mass, brick red or reddish brown when 
dry; macroconidia borne on the stroma, or in pionnotes and sporodochia, or else, 
scattered in the aerial mycelium or in false heads. Chlamydospores none; blue 
sclcrotia may or may not bo present. Mycelial and stromatic colours developed 
are : pale white, rose, purple, carmine and yellow. 

F. avenaceum (Fr.) Sacc. 

Saccardo, Syll. Fung., 4 : 713. 1886. — Lindau in Babh. Kryptogamenflora, 

I, 9 : 640. 1909. — Wollenweber, Aim. mycol., 16 : 16. 1917. — Bennett, P. T., 
Ann. appl. Biol., 16 : 229, ic. 1928. — Wollenweber, Z. Parasitenk., 3 : 460, 476. 



Pro. 2, Fusarium avenaceum i conidia and ciaamydospores from .4, 30 days 
old^ culture on potato doxtroso agar ; B, 6 days old culture on 
lupin leaf extract agar; C, 6 days old culture on oatmeal agar; 
p, 30 days old culture on oatmeal agar ; E, 10 days old culture on 
lupin leaf extract agar with 2% sugar 
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1931. — ^Wollenweber & Beinking, Die Fusarien, p. 63, ic. 1936; Die Verbreittmg 
der Fusarien in der Natur, p. 16-18, ic. 1936. — ^Doidge, E, M., Bothalia, 3 : 348, 
io. 1938. — ^Wollenweber, Zbl. Bakt., Abt. II, 106 : 107, 132, ic. 1943. 

WoUenweber, Fus. del. 127, 128, 130-136, 139-161, 163, 164, 178-184, 186-194, 
660-568, 672-674, 892, 894-899, 1132, 1133. 

Oonidia usually in false heads, in sporodochia or pionnotes; in mass orange, 
becoming darker if drying in a resinous mass, or becoming pink or rose or carmine 
in a powdery condition; yellow, ochre, and carmine to red brown are the usual 
stromatic colours; conidia subulate or filiform, long, sometimes more curved near 
the apex than in the middle, with pedicellate base, mostly 3-6-, rarely 0-2-, 6-7- 
septate; 3-septate 43 x 2*9 (21-69 x 2-6), 5-septatc 61x3-3 (36-85x2-6), 7-8eptato 
80x3*2, O-septate 10x2*6 (4-19x1-4), 1-septate 19x2*9 (11-29x1-4). 

Although chlamydospores are stated to be absent in the species (WoUenweber, 
Zbl. Bakt., Abt. II, 106 : 135. 1943), these have been observed by Bennett (Ann. 

appl. Biol., 15 : 230. 1928) and also by the writer in isolates of Fnmrium agreeing 

with F. avenaceum in all other characters. 


Growth on Media. 

On potato dextrose agar growth was adpressed with no aerial mycelium; 
conidia were produced prolifically and formed a cream (9 D 2) to salmon (10 A 7) 
coloured pionnotal layer. On oatmeal agar, growth was adpressed with the sub- 
stratum coloured light pink, and formation of a pionnotal slime of a cream to salmon 
colour. On lupin stems there was good development of aerial mycelium with no 
development of pionnotes. On lupin leaf extract agar growth was white and flufiy 
with good development of pionnotes. On steamed rice the fungus developed 
various shades of pink (Hydrangea pink; 2 E 7; Touquet: 4 B 8) with development 
of cream-coloured pionnotes. 


Measurements of Conidia. 
Oatmeal agar, 6 days old: 

0- septate 1 1 x 2*6 mostly 8-14 x 2-6 (6-19 X 1-4) . . 

1- septate 18x2*9 mostly 14-19x2*4-3*4 (13-27x1-4) 

3- septate 45 X 3 mostly 39-60 x 2*4-3*4 (31-69 X 2-5) 

4- septate 66x3*2 mostly 61-69 x 3*3 (48-62 x 2-5) 

6- septate 62x3*3 mostly 66-64x3*3 (63-86x2-6) 
6.septate 71 x 3*6 mostly 66-76 X 3*3 (64-93 X 3-6) 

7- septate 80x3*2 

Potato dextrose agar, 21 days old: 

0- septate 9x2*6 mostly 6-14x2*6(4-16x1-4) .. 

1- septate 21x2*7 mostly 16-24 x 2*6 (13-29 x 2-4) 

3- septate 43 X 2*8 mostly 34-62 x 2*6 (24-67 x 2-4) 

4- septate 68x2*6 mostly 61-60x2*5 (46-69x2-4) 
6-septate 66 X 3 mostly 68-68 x 2*4-3*4 (63-79 x 2-4) 

Lupin leaf extract agar, 30 days old; 

0- septate 10x2*8 mostly 8-12x2*6 (6-16x2-4) . . 

1- septate 18x3 mostly 16-22 x 2*4-3*4 (11-27 x 2-4) 
3-septate 41 x 3 mostly 33-62 x 2*4-3’4 (21-69 x 2-4) 

* 4-septate 49 x 3*6 mostly 44-64 x 3*3 (36-60 X 3-6) 
6-septat6 66x3*6 mostly 61-64 x 3-4 (36-76 x 3-6) 


9% 

10 % 

23% 

43% 

10 % 

rare. 


17% 

20 % 

18% 

30% 

15% 


16% 

7% 

12 % 

26% 

39% 
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Average of the above measurements: 

0- septate 10 X 2-6 mostly 6-14 x 2*6 (4-19x1-4) 

1 - septate 19x2'9 mostly 14-24 x2‘4-3‘4 (11-29x1-4) 

S-septate 43x2-9 mostly 33-62 x 2*4-3-4 (21-69x2-6) 

4- 8eptate 64x3-1 mostly 44-60x2-6-3-3 (36-69x2-6) 

5- septate 61 x 3-3 mostly 61-68x2-4-4 (36-86x2-6) 

6- septatc 71 X 3-6 mostly 66-76x3-3 (64-93x3-6) 

7- septate 80 X 3-2 

On potato dextrose agar the fungus produced chlamydospores. These were 
intercalary or terminal, 1-2-celled, and sometimes in short chains of usually three 
or four; 1 -celled 7 (4-9); 2-celled 14x7-6 (13-16x6-9). 


Section Glbbosum. 

Aerial mycelium white or brownish, less frequently yellow, rose to carmine. 
Stroma ochre-brown to black-brown, sometimes golden yellow to carmine-red. 
Microconidia scattered more or less freely in mycelium, later disappearing. 
Macroconidia in sporodochia and pionnotes, pale ochraceous to orange or orange 
red; sometimes macroconidia are also found in false heads in the mycelium. 
Conidia dorsiventral, sickle-shaped, with parabolic or hyperbolic curvature, 
sometimes with acutely arched dorsal line and somewhat less curved ventral 
lino, attenuate at both ends, with filiform or flagella-like apical cell, and 
very definitely pedicellate base; thin-walled, 3-6-7- or more-septate. Chlamydo- 
spores intercalary, seldom terminal, in conidia and in mycelium, globose, single, 
or in chains or clusters, brown in mass. Spherical, brown or dark blue sclerotia 
may or may not be present. 

F. eqniseti (Corda) Sacc. 

Saccardo, Syll. Fung., 4 ; 707. 1886. — Lindau in Rabh. Kryptogamenflora, 

I, 9 : 637. lki9. — Wollonweber, Ann. mycol., 16 : 16-16. 1917; Ber. dtsch. bot. 

(les., 36 : 734. 1917; Z. Parasitenk., 3 : 330. 1931. — Wollenweber & Reinking, 

Die Fusarien, p. 63, ic. 1936; Die V^erbreitung der Fusarien in der Natur, p. 22-23. 
1935. — ^Bennett, F. T., Ann. appl. Biol., 22 : 487, ic. 1935. — ^Doidge, E. M., Bothalia, 
3 : 366, ic. 1938. — Bugnicourt, F., Encyclopedic mycol., 11 : 60, ic. 1939. — 
Wollenweber, Zbl. Bakt., Abt. IT, 106 : 108, ic. 1943. 

Wollenweber, Fus. del. 202-208, 210, 211, 696, 697, 919, 920. 



Fio, 8. Fuaanwn equiseti : conidia and chlamydospores 
from A, 2 months old oultixre on potato 
dextrose agar; B, culture of same age on 
oatmeal agar. 
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Conidia few at first, scattered in the white to yellowish, or pink rOycelium, 

1-2-celled, oval or oblong to fusiform-falcate, disappearing when the typical macro- 
conidia begin to develop. Stroma pale or brown. Macroconidia produced in 
sporodochia or pionnotes, less frequently scattered in the aerial mycelium; in mass 
they are at first pale, then ochre to salmon pink. Macroconidia fusiform-falcate, 
thick in the middle and gradually tapering at either end, with parabolic curvature, 
straight or bent at the apex, tapering to a fine point, base pe^cellate; dorsal side 
usually more markedly curved than the ventral; septa more or less equidistant, 
seldom more closely crowded in the middle than at the ends; mostly 5-septate, 
seldom 3-4-, exceptionally up to 7-septate; 0-septate 10x2*6 (4-17 x 1-4), 1-septate 
14x3 (0-23x2-4), 3-septate 32 x 3*8 (16-44 x 2-6), 6-septate 41x4*8 (26-66 x 3-7), 
7-septate 49x4*9. Chlamydospores globose, smooth or rough, intercalary, seldom 
terminal, 1 -celled, in chains or clusters, brown in mass, 13 (8-14) in diameter. 


Orowth on Media. 

On potato dextrose agar growth was fluffy, the aerial mycelium collapsing 
with age; substratum in young cultures was coloured Vassar rose (3 I 2) to May- 
flower (3 J 3) deepening to brown with age; salmon (10 A 7) coloured sporodochia 
were formed. On oatmeal agar, aerial mycelium formed a compact mat on the 
agar surface, white to pink (Peach blossom: 10 2) coloured; stroma was of a light 
pink colour, turning dark brown with age; cream coloured sporodochia were 
produced. On steamed rice a variety of colours developed: Old rose (4 12), Bose 
petal (6 I 4), Ruby (6 G 6); these deepened to dark brown with age. On lupin 
stems growth was white and fluffy, with abundant development of cream-coloured 
sporodochia. On lupin leaf extract agar aerial mycelium was white and fluffy; 
sporodochia did not develop. 


Meaaurevnmts of Conidia. 

Oatmeal agar, 6 weeks old: 

0- septate 8*6 X 2*8 mostly 6-10x2*6 (4-12x2-4) .. 

1- septate 14x3*1 mostly 11-17x2*6-3*3 (9-19x2-4) 

2- septate 18x3*3 mostly 14-23 x 3*3 (12-26 x 3-4) 

3- septate 30x3*7 mostly 23-33 x 2*6-4*1 (19-37 x 2-5) 
6-septate 40x6*7 mostly 36-46 x 4*9-6*8 (33-62 x 4-7) 

6- septate 46 X 6*6 (43-50 X 4-6) 

7- septate 46x6*4 

Potato dextrose agar, 7 weeks old: 

0- septate 10x2*6 (4-16x1-4) 

1- septate 14 x 2*9 (11-23 X 2-4) 

3-septate 34 x 3*9 (16-42 X 2-5) . . 

5-septate 43x4*3 mostly 31-47 x 3*3-4*9 (29-66 x 3-6) 
7-septate 63 X 4*6 

Lupin stems, 6 weeks old: 

0- septate 12 X 2*4 (6-17 X 1-4) 

1- septate 16x3 (9-19x2-4) 

5- septate 33x3*7 mostly 26-41x2*6-4*1 (23-44x2-6) 

6- 8eptate 41 X 4*4 mostly 34-47 X 3*3-4*9 (26-53 X 3-5) 


3% 

2 % 

16% 

77% 

rare. 

rare. 


2 % 

2 % 

3% 

96% 

rare. 


1 % 

1 % 

6 % 

92% 
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Average of the above measurements i 

0- scptate 10 X 2*6 (4-17 X 1-4) 

1 - septate 14x^1 (9-23x2-4) 

2- 8eptate 18x3*3 (12—25x3—4) 

3.septate 32 X 3*8 (16-44 x 2-5) ^ ^ 

5- septate 41 X 4-8 mostly 31-47x3*3-5*8 (26-56x3-7) 

6- septato 46x5*6 (43-50x4-6) 

7- septate 49x4*9 


t\ scirpi Lamb, et Fautr. 

Saccardo, Syll. Fung.. 11 :661. 1 895.-Wollenwebc^ mycol. 16 : 16. 

1917; Z. Parasitenk., 3 : 334, ic. 1931.— Wollcnweber & Romking, Die Fus»rien, 
p. 66, ic. 1935; Die X'erbreitung der Fusaricn m der Na,tur, P- 34.36, ic. 1936.— 
Doidge, E. M., Bothalia, 3 : 360, ic. 1938.— Wollcnweber, Zbl. Bakt., Abfc. II, 

Wollcnweber, Fus. del. 198-201, 212-218, 595, 598, 922, 926-929, 1137. 

Sporodochia pale, yellowish pink or ochre to salmon in colour; of the size oi a 
pin’s head in the beginning, becoming powdery and dry later, or, if moist, coalescing 
into a slimy pionnotal layer. Spore masses pale to light brown or cinnamon brown. 
Aerial mycelium loose, cottony, light or brownish, disappearing later. Stroma 
brown. Conidia resemble those of F. eqmseU, but the apical cell is more prolonged 
and pointed, and the curvature of the dorsal side is strongly hyperbolic; septa 
more closely crowded in the middle of the coniebum than at the ends. Microcomdia 
scattered in the mycelium, abundant in young cultures, 0-3-septate, oval, fusiform, 
kidney- or comma-shaped and also club-shaped to lanceolate. Macroconidia 
sickle-shaped, mostly .3-5-septate ; O-septate 9x2‘8 (6-12x2-4), 1-septato 12x2-9 
(6-20X2--4), 3-8cptatc 30x4 (18-42x3-6), 6-septate 40x4-3 (24-60x3-6). 
Chlamydosporos intercalary, seldom terminal, mostly in chains or clusters, brown 
in colour, seldom single, 11 (7-19) in diameter, globose. 



Growth on Media. 

On potato dextrose agar groiidh was white and cottony, the substratum being 
coloured Japan rose (3 A 10) to Congo pink (3 C 10); stromatic colour turned brown 
(Chestnut: 7 E 10) with age. On oatmeal agar growth was adpressed with some 
aerial mycelium on top of slant; sporodochia and pionnotes of a salmon (10 A 7) 
colour developed freely; stromatic colour was the same as that on potato dextrose 
agar. On lupin stems growth was white and fluffy with some development of 
salmon-coloured sporodochia. On steamed rice the mycelium was white, becoming 
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Flesh (11 A 2) to Blush (11 A 6); the substratum became brown (Ember: 6 K 10; 
New Cocoa: 7 A 10; Vandyke brown: 7 A 11) in old cultures. 

Measurements of Conidia. 

Oatmeal agar, 21 days old: 

0- septate 8x2’ 8 mostly 6-10 x2'5-3*3 (6-12x2-4) .. 7% 

1- septate 11x2-9 mostly 8-17 X 2-5-3-3 (6-20 X 2-4) . . 4% 

3- 8eptate29x4 mostly 20-34 X3-3-4-9 (18-40x3-6) .. 31% 

4- septate 33 X 4*1 mostly 26-42 X 3-3-4-9 (23-46 X 3-5) . . 36% 

6-septate 40 X 4-2 mostly 33-46 X 3-3-4*9 (29-60 X 3-6) . . 22% 

Potato dextrose agar, 30 days old: 

0- septate 9x2-7 mostly 6-10x2-6-3-3(6-12x2-4) .. 6% 

1- septate 13x2-9 mostly 8-18x2-6-3-3 (6-20x2-4) . . 3% 

3- septate 31x4 mostly 23-37x3-3-4-9 (20-42x3-6) .. 29% 

4- septate 36 X 4-2 mostly 28-42 x 3-3-4-9 (23-60 X 3-6) . . 29% 

6-septato 40 X 4-4 mostly 34-46 X 3-3-4-9 (24-60 X 3-6) . . 34% 

Average of the above measurements : 

0- septate 9x2-8 mostly 6-10x2-6-3-3(6-12x2-4) 

1- septate 12 x 2-9 mostly 8-18 X 2-6-3-3 (6-20 X 2-4) 

3- septato 30 X 4 mostly 20-37 X 3-3-4-9 (18-42 x 3-6) 

4- septate 34x4-2 mostly 26-42 x 3-3-4-9 (23-60 x 3-6) 

6-scptate 40x4-3 mostly 33-46 x 3-3-4-9 (24-60 x 3-6) 

F. scirpi Lamb, et Fautr. v. acuminedum (Ell. et Ev.) Wr. 

Wollenweber, Z. Parasitenk., 3 : 336, ic. 1931. — ^Wollenweber & Beinking, 
Dio Fusarien, p. 67, ic. 1936; Dio Verbreitung der Fusarien in der Natur, p. 36, 
ic. 1935. — ^Doidgo, E. M., Bothalia, 3 : 366, ic. 1938. — ^Wollenweber Zbl. Bakt., 
Abt. II, 106 : 109, 190, ic. 1943.— Jamalainen, E. A., Ober die Fusarien Finn- 
lands III, Valt. Maatalousk. Julk., 124 : 10, ic. 1944. 

Wollenweber, Fus. del. 165-168, 170, 569, 930-933. 

Stroma plectenchymatous, of various colours, blood red, purple, yellow. 
Aerial mycelium white or pink. Conidia in sporodochia and pionnotes, salmon in 


20 AJ 



Fio. 5. FuaaHum scirpi v. acuminatumi conidia from A, 21 days 
old culture on oatmeal agar; on potato dextrose 
agar. 
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colour, sickle-Hhaped, tapering at both ends, apex more or less elongated, base 
iwdicellate or papillate, occasionally rounded to truncate, mostly 6'8eptate, less 
often 3-4-8cptate, exceptionally 0-2-septate; 0-septate 9x2'8 (6-14x2-4), 1- 
septate 12x2-9 (8-17x2-4), 3-septate 32x3‘6 (20-47 x 2-6), 5-septate 48x3-9 
(27-62x3-5). Chlamydospores intercalary, seldom terminal, mostly in chains and 
clusters, globose, 1-cellcd 11 (8-17), 2-celled 17x10 (13-20x7-13), in mass brown. 


Growth on Media, 

On potato dextrose agar growth was fluffy with aerial mycelium of a white or 
CJolden wheat (11 I_) 7) to yellow ochre (11 L 7) or Blossom (2 F 7) to Coral pink 
(2 F 9) colour, deepening to Weigelia (3 I 3) or Persian pink (3 H 4). On oatmeal 
agar growth was adpressed with some aerial mycelium on the top of the slant; 
colour of the substratum was Weigelia (3 I 3) or Persian pink (3 H 4) ; sporodochia 
of a salmon colour developed. On lupin stems growth was white and fluffy with 
development of sporodochia. On steamed rice aerial mycelium was white; sub- 
stratum was coloured with Pineapple (11 J 2), Colonial Y (11 K 3), Rose Marie 
(2 I 2), Camellia (2 J 4). 

Measurements of Conidia. 

Oatmeal agar, 6 weeks old: 

3-8eptate 33x3-7 mostly 29-36 X 3-3^-2 (26-40 X 3-6) . . 18% 

4.septate 35 x 3- 8 mostly 30-39 X 3*3-4-2 (26-44 x 3-6) . . 22 % 

5- soptate 48 x 3-9 mostly 36-53 X 3-3-4-2 (33-62 x 3-6) . . 60% 

Potato dextrose agar, 3 weeks old : 

O-septate 9x2-8 mostly 8-10x2-5-3-3 (6-14x2-4) .. 3% 

1 -septate 12x2-9 mostly 10-14 x 2- 6-3-3 (8-17 X 2-4) . . 1 % 

3- septate 30 X 3-4 mostly 23-34 x 3-3 (20-47 X 2-6) . . 10% 

4- soptate 36 x 3-6 mostly 29-42 x 3-3-4-2 (23-60 X 3-6) . . 16% 

6- 8eptato 48 X 3-8 mostly 39-64 x 3-3-4-2 (27-62 X 3-6) . . 71 % 

Average of the above measurements : 

0- septate 9x2-8 mostly 8-10x2-6-3-3(6-14x2-4) 

1- septate 12x2-9 mostly 10-14x2-5-3-3 (8-17x2-4) 

3- 8eptate 32x3-6 mostly 2.3-35 x 3-3-4-2 (20-47 x 2-6) 

4- septate 36x3-7 mostly 29-42x3-3-4-2 (2,3-60x3-6) 

5- septate 48 X 3-9 mostly 36-54 X 3-3-4-2 (27-62 x 3-6) 

F. scirpi Lamb, et Fautr. v. caudatum Wr. 

Wollenwober, Z. Parasitenk., 3 : 336. 1931. — Wollenweber & Reinking, Die 
^sarien, p. 68, ic. 1936 ; Dio Verbreitung der Fusarien in der Natur, p. 36. 1936. — 
Bugnioourt, F., Encyclopedie mycol., 11 : 70, ic. 1939.— Wollenweber, Zbl. Bakt., 
Abt. n, 106 : 109. 1943. 

Wollenweber, Fus. del. 699, 600, 934, 936. 

^ Coni^a comparatively slender, typically writh a tail or somewhat whiplike 
apical cell, base pedicellate with well-marked heel, formed in sporodochia and 
pionnotes of an ochre to salmon colour, mostly 6-septate; 3-septate 29x3-7 (19-39 
x2-6), 4.8eptate 36x3‘6 (20-46x3-6), 6-8eptate 41x3*7 (28-64x3-6). Chlamy- 
dospores produced in large numbers, mostly intercalary, 11 (7-17) in diameter. 
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Fro. 6. Fusarium adrpi v. caudatum : conidia from A, 
30 days old culture on potato dextrose agar ; 
B, on oatmeal agar. 


Growth on Media. 


On potato dextrose agar growth was slightly flufify with white cottony aerial 
mycelium in patches and good development of sporodochia and pionnotes of a 
light pink colour. On oatmeal agar there was no aerial mycelium and growth was 
adpressed with profuse development of sporodochia coalescing to form a slimy 
pionnotes of a honey dew (9 B 8) to rufous (10 A 10) colour. On lupin stems there 
was better development of aerial mycelium and sporodochia of a salmon (10 A 7) 
colour. On steamed rice aerial mycelium was scanty to none with development of 
spore masses of a honey dew to rvrfous or salmon colour. 


Measurements of Conidia. 
Oatmeal agar, 4 weeks old; 

3- septate 28x3’4 mostly 24-32 x 3*3 (19-34 x 2-6) 

4- septate 33 x 3*4 mostly 29-36 x 3-3 (26-40 X 3-6) 
6-septate 34x3-5 mostly 31-37 X3-3-4-2 (28-44x3-6) 

Potato dextrose agar, 6 weeks old: 

3- 8eptato 30x3-9 mostly 25-36x3-3-4-2 (23-39x2-5) 
' 4-septate 36 X 3‘8 mostly 29-40 X 3-3-4-2 (26-46 x 3-6) 

5- septate 47x3-8 mostly 40-52 x 3-3-4-2 (36-64 x 3-6) 

Average of the above measurements: 

S-septate 29x3-7 mostly 24-36 x 3-3-4-2 (19-39 x 2-6) 

4- septate 36 X 3-6 mostly 29-40 x 3- 3-4-2 (26-46 X 3-6) 

5- septate 41 X 3-7 mostly 31-62 x 3-3-4-2 (28-64 X 3-6) 


13% 

24% 

63% 


17% 

20 % 

63% 


Section Discolor. 

Macroconidia comparatively thick-walled, fusiform to sickle-shaped, tapering 
at both ends, curved (dorsal side convex, ventral side less curved, usually concave 
but sometimes somewhat convex); apex constricted like the neck of a bottle, curved 
and rostrate, or conical to truncate or rounded; base pedicellate when fully 
developed and mature. Sporodochia and pionnotes ochre, salmon pink or orange. 
Some species have small or medium-sized conidia, which are pedicellate, 0-3- or 
more-septate, oval, fusiform to cylindrical, straight or curved; these may pre- 
dominate or may disappear when sporodochia are formed. Other species have 
some comparatively slender conidia. The stroma is flat, efiuse, plectenchymatous, 
sclerotially erumpent in places, and coloured variously: pale, carmine to pu^le 
re^, yellow, brown or rarely blue; in a few it is pale and homogeneous. Spherical 
solerotia may or may not be present; when present they are blue, brown or 
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colourless. Aerial mycelium well-developed, white, pink, or tinged with the colour 
of the stroma. Chlamydospores few, terminal or intercalary, single, in chains 
or clusters, brown in mass. 

F. culmorum (W.O. Sm.) Saco. 

Saccardo, Syll. Fung., 11 : 661. 1896. — ^Wollenweber, J. agric. Res., 2 : 260, 

ic. 1914; Ann. mycol., 15 :21. 1917. — Sherbakofif, C. U., Cornell Univ. agric. 

Exp. Sta. Mem., 6 : 240. 1915. — Bennett, F. T., Ann. appl. Biol., 16 : 226, ic. 

1928. — ^Wollenweber, Z. Parasitenk., 3 : 36(), ic. 1931. — ^WoUenweber & Beinking, 
Dio Fusarien, p. 79, ic. 1935; Die Verbreitung der Fusarien in der Natur, p. 21. 
1935. — ^Doidge, B. M.. Bothalia, 3 : 380, ic. 1938. — ^Wollenweber, Zbl. Bakt., 
Abt. II, 106 : 108, ic. 1943. 

Wollenweber, Fus. del. 330-337, 613, 943-945, 1147-1149. 

Conidia at first scattered in the aerial mycelium, or in false heads, sometimes 
forming a pionnotal layer later, or formed in sporodochia; in mass coloured 
variously, yellow, pink, then ochre to coffee brown, often becoming more or less 
tinged with the purple red and golden yellow to ochre brown colour of the stroma. 
Conidia spindle- to 8ickle-sha|)ed, gradually or abruptly attenuate at both ends; 
apical cell sometimes rostrate, constricted like the neck of a bottle ; base pedicellate, 
wail thick with distinct septa. Conidia S-septate, less frequently 3-4- or 6-septate ; 
3-8eptate 31x5‘6 (20-42x4-7), 4-septate 34x5-8 (23-43x4-7), 5-septate 38x6-2 
(26-53x4-7), 6-septate 40x6. Chlamydospores mostly intercalary, globose or 
oval, in conidia and in mycelium, single, 2-cellcd, or in chains and clusters, brown 
in mass, l-celledjll (9-14), 2-cellcd 1^22x8-17. 



Fio. 7. Fumrium culmorum : conidia and chlamydospores from A, 80 days 
old culture on potato dextrose agar; B, from 66 days old cid- 
ture ; C, from 36 days old culture on oatmeal agar ; D, from 70 
days old culture. o .,»*** •« 



O. V. SUBBAMANIAN: studies on south INDIAN FUSABU 


671 


Growth on Media. 

On potato dextrose agar growth was white and fluffy with the substratum 
coloured Rose Nilsson (2 J 3), Camellia (2 J 4) to Jack rose (3 J 6) and Cherry 
blossom (4 J 4); sporodochia were of a cream (9 D 2) to salmon (10 A 7) colour. 
On oatmeal agar aerial mycelium was well developed, white or of a light pink 
(Corinthian pink: 3 G 1) colour in patches; stroma was coloured Eugenia R (3 K 2) 
to Zinnia (4 L 2) ; sporodochia were of a light yellow (Martins Y : 9 I 1 ; Pinard Y : 
9 J 2; Jasmine : 9 K 4) colour. On steamed rice growth was very fluffy and the 
striking colours developed were various shades of carmine, pink and red (Persian 
pink: 3 H 4; Eugenia R: 3 K 2; Mayflower; 3 J 3; Spinel R: 3 H 6; Dianthus: 
5 K 3) later turning brown (Garnet Brown: 6 L 9). On lupin stems growth was 
fluffy, aerial mycelium was white to slightly cream or yellow coloured; sporodochia 
were present. 

Measurements of Conidia. 

Oatmeal agar, 6 weeks old: 

3-soptate 30 x 5"6 mostly 25-36 x 4-9-6-6 (21-37 X 4-7) . . 1 1 % 

4.septate 33 X 6-8 mostly 25-37 x 4-9-6*6 (24-40 x 4-7) . . 10% 

5-septate 37 X 6-2 mostly 31-40 x 6-1-6-6 (26-61 X 4-7) . . 79% 

Potato dextrose agar, 7 weeks old : 

3- scptate 32 x 5-1 mostly 25-40 X 4'9-6*6 (20-42 x 4-7) . . 9% 

4- septate 35 x 5-9 mostly 27^0 X 4-9-6-6 (23-43 X 4-7) . . 8% 

5- septate 38 x6-l mostly 32-42 X4-9-6-6 (29-63x4-7) .. 83% 

Average of the above measurements: 

3- septate 31 x6"6 mostly 26-40 x 4*9-6-6 (20-42 x 4-7) 

4- septate 34x5-8 mostly 26-40 x 4-9-6-6 (23-43 x 4-7) 

5- septato 38x6-2 mostly 31-42x4-9-6-6 (26-63x4-7) 


Section Elegans. 

Microconidia and macroconidia present. Microconidia oval, ellipsoidal 
kidney-shaped or straight, 6-12x2-2-3-6, single on free conidiophores, or in false 
heads, produced in abundance. Macroconidia in sporodochia or in pionnotes. 
Conidial masses formed on an erumpent or flat, plectenchymatous or sclerotial 
stroma. In some species the macroconidia are elongated, fusiform to subulate, 
tapering at both ends or slightly constricted; in others they are more compact, 
fusiform-falcate, usually constricted and abruptly curved at the apex, and 
pedicellate or papillate at the base. Macroconi^a dorsiventral to almost cylin- 
drical, thin-walled, usually with 3, sometimes up to 6, delicate septa, 3-septate 
27-46 x 3-6, 6-septate 60-60x3-6; in mass pale, isabellinous, brownish-white, 
flesh colour to salmon orange. Mycelium white or tinged with the colour of the 
stroma. Stroma jiale or pink, orange or purple red, plectenchymatous, effuse or 
raised, more or less erumpent or sclerotial. Chlamydospores abundant, terminal 
and intercalary, in mycelium and conidia. Sclerotia sometimes present, rough, 
brown, blue or pale. 

F. oxysporum Schlechtendahl 

Saccardo, Syll. Fung., 4 : 706. 1886. — ^Lindau in Rabh. Kryptogamenflora, I, 
9 : 625. 1909. — ^Wollenweber, Phytopathology, 3 : 28, ic. 1913; J. agric. Res., 
2 :’268. 1914. — Sherbakoff, C. D., Cornell Univ. agric. Exp. Sta. Mem., 6 ; 220, 
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io. 1916. — ^Wollcnweber, Ann. mycol., 15 : 24. 1917. — ^Reinking & Wollenweber, 
Philip. .1. Sci., 32 : 187, ic. 1927. — ^Wollenweber, Z. Parasitenk., 3 : 416, ic. 1931. 
Wollenweber & Reinking, Die Pusarien, p. 117, ic, 1936; Die Verbreitnng der 
Fusarien in der Natur, p. 31, ic. 1936. — ^Doidge, E. M., Bothalia, 3 : 421, io. 
1938. — Wollenweber, Zbl. Bakt., Abt. II, 106 : 109, ic. 1943. 

Wollenweber, Pus. del. 378, 1006-1007, 1170-1174. 

Stroma brownish white to violet, plectenchymatous, smooth, effuse. Under 
humid conditions aerial mycelium may be present over the stroma, sporodochia 
or pionnotes being produced later. Microconidia 1-2-celled, oval to kidney-shaped, 
abundant, scattered in the aerial mycelium or in false heads. Macroconidia 3- 
(4-6)-8eptate, spindle- to sickle-shaped, curved or almost straight, definitely or 
weakly pedicellate. Conidia 0-septate 8x2-7 (4-14x2-4), l-septate 14x3 (8- 
24x2-4), 3-8cptate 33x3-9 (21-60x2-6), 5-septate 42 x 4-3 (37-60 x 4-6). 

Chlamydosporcs terminal and intercalary, globose, smooth or rugulose, 1 -colled 
7-4 (6-10), 2-celled 10x7 (8-14x6-9). 



Fia. 8. Ftuariutn oxysporutn conidia and chlamydosporcs 
from .4, 16 days old culture on potato dextrose 
agar ; 2 1 days old culturo on oatmeal agar. 

Growth on Media. 

On potato dextrose agar growth was velvetty, white to lilac (3 G 7) or wild 
rose (3 17) and tinges of V'anda (43 E 4) or Crocus (43 F 4) ; substratum was coloured 
Corinth (46 .T 2) to Indian purple (47 J 2) or Perilla purple (47 J 3). On oatmeal 
agar aerial mycelium was poorly developed; the substratum was coloured Crushed 
^’iolet8 (46 G 6) or Old lilac (45 H 6); spores were produced in a pionnotes of a 
Monkey skin (6 B 9) colour. On lupin stems growth was fluffy -with white, cottony 
aerial mycelium and development of sporodochia of a Misty mom (6 C 7) colour. 
On steamed rice a variety of colours developed: Rose Marie (2 I 2), Begonia rose 
(2 K 2), Vassar rose (3 I 2), Bridal rose (3 F 3) and Azalea (4 J 3). 

Measurements of Conidia. 

Oatmeal agar, 27 days old : 

0- septate 9x3 mostly 7-10 X2-5-3-3 (6-14x2-4) 

1- septate 16x3-1 mostly 13-19x2-6-3-3 (11-24x2-4) 

2- septate 21 x 3 mostly 19-24 x 2-5-3-3 (18-26 x 2-4) 

3- septate 29x3-6 mostly 26-32 x 3-3-4-2 (21-37 x 2-6) 

Potato dextrose agar, 36 days old: 

0- septate 7x2-4 mostly 6-9x2-6 (4r-13x2-4) 

1- septate 13x3-1 mostly 11-17x2-5-3-3 (8-20x2-4) 

2- septate 23x3-2 mostly 14-30 x 2-6-3-3 (11-33 x 2-4) 

3- septate 36x4-2 mostly 27-42x3-3-4-9 (23-60x3-6) 


37% 

36% 

6 % 

22 % 


38% 

31% 

4% 

2 ^% 
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Lupin stems, 21 days old: 

0- septate 7x2-6 mostly 6-10x2-6(6-12x2-3) .. 22% 

1- septate 14 x 2-9 mostly 10-18 x 2-6-3-3 (8-20 X 2-4) . . 14% 

2.septate20x3 mostly 16-27 x 2-6-3-3 (13-30 x 2-4) .. 4% 

3-septate34x4 mostly 27-37 x 4-2 (23-40 x 3-6) .. 23% 

4.8eptate 38 X 4-2 mostly 36-43 X 4-2 (33-47 X 4-6) . . 18% 

6-septate 42x4-3 mostly 39-46 x 4-2 (37-60 x 4-6) .. 19% 

Average of the above measurements: 

0- septate 8x2-7 mostly 6-10x2-6-3-3 (4-14x2-4) 

1- septate 14x3 mostly 10-19 x 2-6-3-3 (8-24 x 2-4) 

2- septate 21x3-1 mostly 14-30 x 2-6-3-3 (11-33 x 2-4) 

3- septate 33x3-9 mostly 26-42 x 3-3-4-9 (21-60 x 2-6) 

4- septate 38x4-2 mostly 36-4:3 x 4-2 (33-47 x 4-6) 

6-septate 42x4-3 mostly 39-46x4-2 (37-60 x4r-6) 

F. vasinfecttm Atk. 

Atkinson, G. F., Alabama agric. Exp. Sta. Bull., 41 : 19, ic. 1892. — ^Lindau 
in Rabh. Kryptogamenflora, I, 9 : 663. 1909. — Saccardo, Syll. Fung., 22 : 1481. 

1913. — ^Wollenweber, Phytopathology, 3 ; 29. 1913; Ann. mycol., 15 ; 24. 1917; 
Z. Parasitenk., 3 ; 423-425, ic. 1931. — ^Wollenweber & Reinking, Die Fusarien, 
p. 124-126, ic. 1935; Die Verbreitung der Fusarien in der Natur, p. 39-40, 1935. — 
Doidge, E. M., Bothalia, 3 : 432, ic. 1938. — Bugnicourt, F., Encyclopedic mycol. 
11 : 114, ic. 1939.— Wollenweber, Zbl. Bakt., Abt. II, 106 : 110, ic. 1943.— 
Subramanian, C. V., Proc. Nat. Inst. Sci. India, 18 : 273-86. 1962. 

Wollenweber, Fus. del. 376. 

Synonyms: Subramanian (1962) has shown that the following should bo 
consideredjsynonyms of F. vasinfectum Atk. : 

F. vasinf&Aum Atk. f.l Wr., Z. Parasitenk., 3 : 423. 1931. Wollenweber, 

Pus. del. 377, 1018, 1190. 

F, vasinfectum Atk. f.2 Wr. et Rg., Die Fusarien, p. 126. 1935. Wollen- 
weber, Fus. del. 1191. 

F. vasinfectum Atk., v. lutulatum (Sherb.) Wr., Z. Parasitenk., 3 : 424. 1931. 

Wollenweber, Fus. del. 380, 1019, 1192. 

F. vasinfectum Atk. v. zonatum (Sherb.) Wr., Z. Parasitenk., 3 : 424. 1931. 
Wollenweber, Fus. del. 392, 1020. 

F. vasinfectum Atk. v. zcmalum (Sherb.) f.2 (Lk. et Bail.) Wr., Z. Parasitenk., 
3 : 426. 1931. Wollenweber, Fus. del. 1021 in nota. 

Cultural characters and morphology of the author’s isolates have been given 
in detml elsewhere (Subramanian, 1962). 


Section MaiHella. 

, Mioroconidia and macroconidia present. Microconidia mostly 1 -celled, small, 
oval to oblong. Macroconidia dorsiventral, spindle- to sickle-sha{)ed, thick-walled, 
pluriseptate, septa distinct; curvature more decided near the apex and slight in 
the central part of the conidium, apex rounded or tapering; base pedicellate or 
mamillate. The median diameter of the conidia is of diagnostic value in this 
section. Conidial masses pale, white, yellowish or brownish, or in older cultures 
darker, honey colour to amber, or becoming tinged with the colour of the stroma. 
Stroma yellow brown to dark blue. Sclerotial bodies, when present, brown, green, 
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violet or blue- black. Chlamydospores abundant, terminal and intercalary, 1-2- 

celled, in chains or clusters, smooth or rough. 

F. javanicuni Koord. 

Koorders, Verb. Koninkl. Akad. Wetensch. Amsterdam, II, 13 : 247, ic. 
1907. — Saccardo, Syll. Fung., 22 : 1482. 1913. — ^Wollenweber, Ann. mycol., 

16 : 26. 1917. — Reinking & Wollenweber, Philip. J. Sci., 32 : 232, ic. 1927. — 
Wollenwebcr, Z. Parasitenk., 3 : 462, 483. 1931. — Wollenweber & Reinking, Die 

Fiisarien, p. 131, ic. 1935; Die \'erbreitung der Fusarien in der Natur, p. 26, ic. 
1936. — Doidge, E. M., Bothalia, 3 : 443, ic. 1938. — Bugnicourt, P., Encyclopedic 
mycol., 11 : 125, ic. 1939. — Wollenweber, Zbl. Bakt., Abt. II, 106 : 108, 178, 
ic. 1943. 

Wollenweber, Fus. del. 349, 424, 426-428, 1026-1027. 

Oonidia brownish white to light brown in mass, becoming coffee brown or 
tinged with the colour of the stroma with age. Stroma leathery to gelatinous, 
usually olive green to olive brown. Microconidia 1-2-celled, usually scattered in 
the aerial mycelium. Macroconidia in sporodochia and pionnotes, falcate, slightly 
curved, often more <lecidedly so at the apex, constricted at both ends, more or less 
pedicellate at the base, 3-5-8eptate. Conidia 0-septate 13x3*7 (6-20x2-6), 
l-sei>tato 21x4*3 (14-39x3-6), 3-sej>tate 37x4*7 (23-49x4-5), 6-septate 48x4*9 
(36-68x4-6). Chlamydospores 1-2-cclled, 1-celled 9 (6-12), 2-colled 13x9*6 
(9-17x8-12). 

Growth an Media. 

On jjotato dextrose agar the aerial mycelium was pale white, but sparse ; there 
was good development of sporodocliia of a pale dull white colour or often Smoke- 
grey (28 A 2) in colour; colour of stroma was V^anilla (10 C 3) to India buff (12 E 6). 
On oatmeal agar growth was a<lpressed with slight development of white aerial 
mycelium at the bottom and the top of the slant, and with profuse development of 
sporodochia of a New silver (11 B 1) colour, tending to become blue; stroma was 
of an Italian straw (11 D 2) colour. On Richard’s agar growth was fluffy and 
white, with no sporodochia or pionnotes. On lupin stems growth was slightly 
fluffy and white, w*ith good development of sporodochia of a cream (9 D 2) to maple 
(11 E 4) colour, tending to become gnaphalium green (28 A 4) with age. 
On steamed rice the mycelium was white in the beginning becoming later buff 
coloxu*ed ; sporodochia were present. 


Meamreynents of Conidia. 

Oatmeal agar, 16 days old ; 

0- septato 12x3*3 mostly 9-14x3*3 (6-20x2-6) . . 

1- septate 23x4*1 mostly 19-25x4*2 (14-29x3-6) 

2- septate 27x4*3 mostly 24-30 x 4*2 (23-34 x 4-5) 

3- septate 33x4*7 mostly 29-36x4*2-4*9 (26-40x4-6) 

Potato dextrose agar, 21 days old: 

0- soptate 13x4 mostly 11-14x4*2 (9-16x2-5) .. 

1- septate 19x4*4 mostly 16-22 x 4*1-4*9 (14-24 x 3-6) 

2- septate 23x4*2 mostly 19-27 x 4*2 (18-30 x 4-6) 

3- septate 37x4*7 mostly 34-42 x 4*2-4*9 (23-42 x 4-6) 

4- septate 40x4*9 mostly 36-42x4*9 (33-47x4-6) 

5- septate 48x4*9 mostly 38-64 x 4*9 (36-68 x 4-6) 


2 % 

5 % 

11 % 

82% 


2 % 

7% 

5% 

67% 

18% 

1 % 
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Lupin stems, 10 days old: 

0- septato 14x3-9 mostly 11-15 x3'3-4-2 (8-17x3-6) 

1- scptatc 22x4-4 mostly 18-25x4-2-4-9 (14-39x3-6) 

2- 8eptato 38 X 4-5 mostly 34-40 X 4-2-4-9 (28-42 X 3-6) 

3- septate 42x4-7 mostly 38-44x4-2-4-9 (33-49x4-5) 

4- septato 46x4-8 mostly 44-50 x 4-2-4-9 (41-54 x 4-5) 

Average of the above measurements : 

0- septate 1 3 X 3-7 mostly 9-1 6 x 3-3-4-2 (6-20 X 2-6) 

1- scptate 21 x4-3 mostly 16-25x4-1-4-9 (14-39x3-6) 

2- septato 29x4-3 mostly 19-40x4-2-4-9 (18-42x3-6) 

5- septate 37x4-7 mostly 29-44 x 4-2-4-9 (23-49 x 4-5) 
4-septate 43 X 4-9 mostly 36-50 X 4-9 (33-64 x 4-6) 

6- soptate 48x4-9 mostly 38-64x4-9 (36-68x4-6) 


rare. 

1 % 

17% 

65% 

27% 


I 


F. jamnicum Koord. v. radicicola Wr. 

WollenwebtT, Z. Parasitenk., 3 : 286, 462, 464, 483, ic. 1931. — Wollenweber 
& Rcinking, Die Fusarien, p. 129, ic. 1935; Die Verbreitung der Fusarien in der 
Natm-, p. 25. 1935. — Doidge, E. M., Bothalia, 3 : 446, ic. 1938. — ^Bugnicoxirt, 

F., Encyclopedic mycol., 11 ;121, ic. 1939. — ^Wollenweber, Zbl. Bakt., Abt. II, 
106 : 108, 179, ic. 1943. 

Wollenweber, Fus. del. 423, 632, 102:1, 1024. 

Microoonidia abundant, 1 -celled or septate, scattered in the mycelium or 
forra('d in false heads. Macroconidia in sporodochia, less often in pionnotes, 
brownish white in mass, becoming darker with age, or tinged with the colour of the 
stroma. Stroma coloured olive brown to coffee brown. Macroconidia fusiform 
to subfalcate, curved, more definitely curved or constricted at the apex, sub- 
pedicellato at the base, 3-septate, rarely 4-8eptate; 0-septate 10x3-3 (6-19x2-6), 
1-septate 18x3-8 (13-26x3-6), 3-septate 36 x 4-6 (18-64 x 3-6), 4-septate 47x4-6 
(41-66x4-6). Chlamydospores terminal and intercalary, 1-2-colled, in chains or 
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Fio. 10. Fusarium javanieum v. radicicola : conidia and 
chlamydospores from ^,21 days old culture on 
oatmeal agar; B, culture of same age on 
potato dextrose agar. 
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clusters, smooth or verrucose, 1-celled (globose) 8-2 (6-10), (pyriform)’ 8'3x8‘l 
(7-10x7-10), 2.oelled 12x8 (10-14x6-10). 

Growth on Media. 

On potato dextrose agar gro\('th was adpressed with only slight development 
of aerial mycelium at the top of the slant, and development of a cream (9 D 2) 
coloured pionnotes later turning Ageratum blue (43 C 3). On oatmeal agar also 
the growth was adpressed with no aerial mycelium but good development of 
pionnotes of a Flesh (11 B 2) colour; stroma was of a White jade (10 A 2) to Fle^ 
(11 B 2), or Ageratum blue (43 C 3) colour. On lupin stems aerial mycelium was 
absent, but cream (9 D 2) coloured pionnotes developed. On steamed rice the 
aerial mycelium was white and felt-like, with late development of sporodochia of 
a Rattan (11 K 6) to Serpentine Gr (14 K 3) colour. 

Measurements of Conidia. 

Oatmeal agar, 30 days old : 


0- septate 10 x 3* 1 mostly 8-12 x 2'6-3'3 (6-14 x 2-6) . . 18% 

1- septate 18x3-9 mostly 16-20 x 3-3^-2 (14-24 x 3-6) . . 13% 

3- septate 42 x 4-6 mostly 36-47 x 4- 2-4-9 (24-64 x 4-6) . . 63% 

4- septate 47 x 4-6 mostly 44-60 x 4-2-4-9 (41-66 X 4-6) . . 6% 

Potato dextrose agar, 10 days old : 

0- septate 13x37 mostly 9-16 X 3-3-4-2 (8-19x2-6) . . 62% 

1- septate 19 x 4-3 mostly 16-22 x 4-2 (13-26 x 4-6) . . 20% 

2- septate 28x4-8 mostly 26-30 x 4-2-4-9 (24-32 x 4-6) .. 6% 

3- septate 32x5’ 1 mostly 29-34x4-9 (28-39 x4r-6) .. 23% 

Lupin stems, 36 days old: 

0- septate 8x3 mostly 6-10x3-3-4-2(6-16x2-5) .. 10% 

1- septate 18x3-2 mostly 16-22 x 3-3 (13-24 x 3-4) .. 20% 

2- septate 23 x 3-9 mostly 20-27 X 3-3-4-2 (17-30 X 3-6) . . 3% 

3- 8eptate 30 X 3-8 mostly 21-34 x 3-3-4-2 (18-42 x 3-6) . . 67% 


Average of the above measurements : 

0- septate 10x3-3 mostly 6-16x2-6-4-2 (6-19x2-5) 

1- septate 18x3-8 mostly 16-22 x 3’3-4-2 (13-26x3-6) 

2- 3eptate 26x4-4 mostly 20-30 x 3-3-4-9 (17-32 x 3-6) 

3- septate 36x4-5 mostly 21-47x3-3-4-9 (18-64x3-6) 

4- septate 47x4-6 mostly 44-60 X 4-2-4’9 (41-66x4-6) 

F. solan* (Mart.) App. et Wr. 

Appel & Wollenweber, Arb. K. Biol. Anst. Land. — ^u. Forstw., 8 : 66, ic. 1910, 
Wollenweber, Phytopathology, 3 : 30, 49, ic. 1913. — SherbakoflF, C. D., Cornell 
Univ. agric. Exp. Sta. Mem., 6 : 251, ic. 1916. — ^Wollenweber, Ann. mycol., 16 : 
26, 26. 1917. — ^Beinking & Wollenweber, Philip. J. Sci., 32 : 210, ic. 1927. — 
Wollenweber, Z. Parasitenk., 3:460-462, 483, ic. 1931.— Wollenweber & 
Reinking, Die Fusarien, p. 135, ic. 1936; Die Verbreitung der Fusarien in der 
Natur, p. 36, 37, ic. 1936.— Doidge, B. M., Bothalia, 3 : 447, ic. 1938.— 
Bugnicourt, F., Encyclopedie mycol., 11 : 141, ic. 1939. — ^Wollenweber, Zbl. 
B»kt., Abt. II, 106 : 110, 181, ic. 1943. 

Wollenweber, Pus. del. 396-400, 404, 406, 418-421, 1029, 1031-1033, 1194. 
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Coniilia scattered in the mycelium, in false heads, in sporodochia or pionnotes, 
brownish w'hite to clayish yellow in mass, or tinged with the colour of the stroma. 
Stroma leathery, green to dark blue. Macroconidia almost cylindrical-fusiform, 
slightly curved, rounded at both ends, or tapering and bluntly conical, base with a 
scarcely perceptible papilla oblique to the longitudinal axis of the spore, seldom 
subpedicellate, 3-(3-5)-septate ; O-septatc 11x4 (6-17x3-5), 1-septate 17x4'l 
(11-26x3-5), 3-septate 32x5-2 (23-45x4-6), 4-septate 39x6-1 (34-46x4-6). 
Chlamydospores terminal and intercalary, brownish, globose or pyriform, 1 -celled 
8-3 (6-10), 2-celled 13x8 (10-16x6-10). 




a-gar; B, 10 days old culture on potato 
dextrose agar; C, 21 days old culture on 
samo medium. 


Oroxvth on Media, 

On potato dextrose agar gro\^d.h was fluflFy with white aerial mycelium ; stroma 
was cream (9 D 2) coloured ; sporodochia of a cream to lichen green (26 A 4) colour 
developed in old cultures. On oatmeal agar growiih was adpressed with no aerial 
mycelium; sporodochia and pionnotes were produced: these were of ah Italian 
straw (11 D 2) colour in the beginning, later being tinged with Corydalis Gr (19 B 4) 
0 Chrysolite Gr (19 K 3) due to the colour of the stroma. On lupin stems growth 
was white and fluffy with good development of sporodochia of a cream colour. 
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On steamed rice, the mycelium was white, later becoming Sirocco (14 B 2) to 
Buckskin (14 A 6) coloured. 

Measurements of Conidia. 

Oatmeal agar, 30 days old : 

0- septate 13 x 4-1 mostly 9-14 x 3-3-4*2 (7-17 x 3-6) 

1- septaic 16x4-3 mostly 1 1-22 x 3-3-4-9 (11-24x3-5) 

2- 8eptate 24x4-8 mostly 21-29x4-1-6-8 (18-34x3-6) 

3- septate 31x6-1 mostly 26-37x4-1-6-8 (23-42x4-6) 

4- septate 40 x 6-2 

5- septate 47 X 6-4 . . 

Potato dextrose agar, 21 days old: 

0- septate 9x3-9 mostly 8-12x3-3-4-2(6-16x3-6) 

1- septate 18x3-9 mostly 13-22x3-3-4-2 (11-26x3-6) 

2- septate 21x4-6 mostly 18-26x4-1-4-9 (16-29x3-6) 

3- 8eptate 33x6-3 mostly 28-39 x 4-9-6-8 (24r-46x4-6) 

4- 8cptate 38 X 5 (34-45 X 4-6) 

5- scptate 45 x 5-2 

Average of the above measurements : 

0- septate 1 1 X 4 mostly 8-14x3-3-4-2(6-17x3-6) 

1- septate 17x4-1 mostly 11-22x3-3-4-9 (11-25x3-6) 

2- septate 23x4-7 mostly 18-29x4-1-6-8 (16-34x3-6) 

3- 8cptate 32x5-2 mostly 26-39x4-1-6-8 (23-46x4-6) 

4- 8eptate 39x6-1 (34-46 x4r-6) 

5- septate 46x6-3 

F. solani (Mart.) App. et Wr. v. Martii (App. et Wr.) Wr. 

Wollenweber, Z. Parasitenk., 3 : 461, 483. 1931. — ^Wollenweber & Beinking, 

Die Fusarien, p. 136, ic. 1936; Die Verbreitung der Fusarien in der Katur, p. 37. 
1936. — Bugnicourt, F., Encyclopedic mycol., 11 : 146, ic. 1939. — ^Wollenweber, 
Zbl. Bakt., Abt. II, 106 : 110, 182. 1943. 

Wollenweber, Fus. del. 411-414, 1034, 1196, 1196. 

Conidia longer and thinner than F. solani, less curved in the middle than at 
the apex, base papillate, sometimes foot-celled, mostly 3-4 (6)-8eptate, micro- 
conidia 0-2-septate, scattered in the aerial mycelium; 0-septate 14x3-8 (9-17 X 
3-6), l-septate 19x4-1 (14r-26x3-6), 3-septate 39 x 6 (28-64 x 4-6), 4-septate 
44 x 6-1 (34r-49 X 4r-6). Conidia in mass brownish white, ivory yellow to dark 
brown, or tinged with the colom* of the stroma. Stroma greenish blue, leather 
brown or coffee brown. Chlamydospores as in F. solani, 11x9 (8-16x6-12). 

Orowth on Media. 

On potato dextrose agar growth was loosely fluffy and white with abundant 
development of sporodochia, somewhat coalesced to form a pionnotal layer; colour 
of sporodochia was Long beach (12 B 4). On oatmeal agar growth was adpressed 
with no aerial mycelium except at the top and the bottom of the slant, wLere aerial 
mycelium was white; sporodochia of an ivory (10 B 2) colour developed in 
abundance, coalescing to form a pionnotes. On Richard’s agar the mycelium was 
fluffy, white or with a slightly yellowish tinge, forming a velvetty mat on the agar 
siuface; sporodochia and pioimotes were not produced, but the stroma was well- 
developed and of an amber white (11 G 1) to Ecru-beige (11 C 2) colour; 


14% 

9% 

4% 

73% 

rare. 

rare. 


4% 

3% 

4% 

87% 

2 % 

rare. 
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Fio. 12. /''usarium soUini v. Alartii: nonidia and chlamydospores from A, 10 days old 
culture on oatmeal ajriir; B, 35 days old culture on same medium ; C, 10 
days old culture on potato dextrose agar; D, 49 days old culture on same 
medium. 


the substratum was coloured primrose yellow (10 J 4) in the beginning, later 
deepening into Snmov'ar (12 K 7), Hazel (13 J 9) and Coffee (16 A 11). On lupin 
stems the mycelium was white and Huffy; sporodochia of a cream (9 D 2) to maple 
(11 E 4) colour were produced in abundance. On steamed rice the mycelium was 
Huffy, short and felt-like and the colours developed were : Drab (14 B 6) to Beaver 
(16 A 6). 


Measurements of Conidia. 
Oatmeal agar, 33 days old : 

0- septate 14x3-9 mostly 13-15 X3-3-4-2 (11-17x3-6) 

1- scptatc 19x4-2 mostly 16-22x4-2 (14-26x3-6) 

2- septate 33 X 4-4 (18-40 x 4-5) 

3- septate 39x4-9 mostly 33-44x4-9 (29-64x4-6) 

4- 8eptate 43 X 5 mostly 41-47 X 6-0 (34-49 X 4-6) 

Potato dextrose agar, 10 days old : 

0- septate 13x3-5 mostly 11-14 X3-3-4-2 (9-16x3-6) 

1- septate 19x3-9 mostly 18-22x3-3-4-2 (14-22x3-5) 

2- septate 32x4-9 mostly 29-36 x 4-2-4-9 (24--36 X 4-6) 

5- septate 38x5-1 mostly 33-42 x 4-9-6-8 (28-49 x 4-6) 

Lupin stems, 10 days old; 

0- septate 14x3-9 mostly 13-15 X3-3-4-2 (11-17x3-6) 

1- septate 20x4-2 mostly 18-22x4-2 (14-24x3-6) 

3- septate 39x6-1 mostly 36-44 x 4-9 (29-60 x 4-6) 

4- 8eptate 46x6-1 mostly 43-47 x 4-9 (41-49 x 4-6) 


17% 

15% 

3% 

40% 

26% 


28% 

21 % 

7% 

44% 


32% 

4% 

61% 

3% 
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Average of the above measurements: 

0- septate 14x3'8 mostly ll-16x3*3~4-2 (9-17x3-6) 

1- septate 19x4-1 mostly 16-22 X3-3-4-2 (14-25x3-6) 

2- septate 33x4*7 mostly 29-36 x 4*2-4-9 (18-40 x 4-6) 

3- septate 39x6-0 mostly 33-44x4-9-5-8 (28-54 x4r-6) 

4- septate 44x6-1 mostly 41-47x6-0 (34r-49x4-6) 

F. aolani (Mart.) App. et Wr. v. mintia Wr. 

Wollenweber, Ann. mycol., 16 : 66. 1917. — Saccardo, Syll. Fung., 26 : 978. 
1931. — ^Reinking & Wollenweber, Philip. J. Sci., 32 : 206, ic. 1927. — ^Wollenweber, 
Z. Parasitenk., 3 : 464. 1931. — ^Wollenweber & Reinking, Die Fusarien, p. 134, ic. 
1936; Die Verbreitimg der Fusarien in der Natur, p. 38. 1936. — Bugnicourt, F., 

Enoyolopedie mycol., 11 : 133, ic. 1939. — ^Wollenweber, Zbl. Bakt., Abt. II, 106 : 
110, 186. 1943. 

Wollenweber, Fus. del. 401-403, 630. 

Differs from F. solani in having smaller macroconidia, mostly 3-septate. 
Conidia 0-septate 11x3*8 (4—20x3—6), 1 -septate 16x4 (11-22x3—6), 3-septate 
30 x 4-6 (20-44 x 4-6), 4-septatc 31x4-8. Chlamydospores terminal or intercalary, 
smooth or verrucose, 1-2-celled, in chains or in clusters, 1 -celled 7*8 (6-9), 2-celled 
12x8 (11-14x6-10). 
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Fio. 13. FttsaHum eolani V. minus: conidia and chlamydospores 
from A, 2\ days old culture on oatmeal agar ; 10 

days old culture on potato dextrose agar ; 35 days 
old culture on same medium. 


Growth on Media. 

On potato dextrose agar growth was adpressed with no aerial mycelium; 
sporodocUa of a dull cream (9 D 2) to Smokegrey (28 A 2) or gnaphalium green 
(28 A 4) colour developed in abundance; at the bottom of slants there was good 
development of a pionnotal layer of a Dewkiss (29 C 3) colour. On oatmeal agar 
also the growth was adpressed, with good development of sporodochia and pion- 
notes of an Old ivory (12 C 3) to Grain (13 B 5) colour. On lupin stems, 
the mycelium was short and flufi^, white to pale yellow in colour, with sporodochia 
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of a cream (9 D 2) colour. On steamed rice the mycelial growth was white, fluffy 
and felt-like wth development, in old oulturts, of the following colours: Gravel 
(13 A 4), Slate Gy (14 A 2), Dust (14 B 4) and Beaver (16 A 6). 

Measurements of Conidia. 

Oatmeal agar, 30 days old: 


0- septate 11x3-5 mostly 9-13 X 3-3-4-2 (5-16 X 3-6) . . 13% 

1- septate 14x3-9 mostly 11-17x3-3-4-2 (11-20x3-5) * . . 10% 

2- septate 20x4-3 mostly 18-24 x 4-2 (16-25 x 4-6) . . 4% 

3- septate 30 X 4-4 mostly 24-34 x 4- 2-4-9 (20-37 X 4-5) . . 73% 

4- 8eptate 32x4-7 .. .. rare. 

Potato dextrose agar, 21 days old: 

O-septate 10x3-7 mostly 8-12 x3*3-4-2 (4-16x3-6) .. 10% 

1 -septate 17x4-2 mostty 14-20 x 4-2 (1 1 -22 X 3-6) . . 9% 

2- septate 22x4-3 mostly 19-24x4-2 (18-25x4-6) . . 10% 

3- septate 28x4-7 mostly 24— 32x4-2-^-9 (21-36x4-6) . . 71% 

4- septate 28 X 4-9 . . . . . . • • rare. 

Lupin stems, 21 days old: 

0- septate 13x4-1 mostly 9-17x4-2(8-20x3-5) .. .. 18% 

1- septate 16x4 mostly 13-20x3-3-4-2 (11-22 x 3-5) .. 13% 

2- septate 20 x 4-1 mostly 1 6-26 X 3-3-4-2 (13-29 X 3-5) . . 6% 

3- septate 32 x 4-7 mostly 28-37 X 4-2-4-9 (26-44 X 4-6) . . 64% 

4- septate 33x 4-7 .. .. .. .. rare. 


Average of the above measurements : 

0- septate 11x3-8 mostly 8-17 x 3-.3-4-2 (4-20 X 3-5) 

1- septate 16x4 mostly 11-20x3-3-4-2 (11-22x3-6) 

2- 8eptato 21x4-2 mostly 15-26x4-2 (13-29x3-6) 

3- septate 30x4-6 mostly 24-37 x 4*2-4-9 (20-44 x 4-6) 

4- septate 31 x4-8 

F. solani (Mart.) App. et Wr. v. striatum (Sherb.) Wr. 

Wollenweber, Z. Parasitenk., 3:461, 483, ic. 1931. — Wollenweber & 
Reinking, Die Eusarien, p. 136, ic. 1935; Die Verbreitung der Fusarien in der 
Natur, p. 38. 1 935,— Wollenweber, Zbl. Bakt., Abt. II, 106 : 110, 187, ic. 1943. 
Wollenweber, Fus. del. 406, 1030. 

The fungus has characteristics intermediate between F. solani and F. 
javanicum. Sporodochia small, sometimes forming pionnotes pale in colour, or 
tinged with the colour of the stroma. Stroma blue green, olive or sepia brown. 
Conidia mostly 3 (0-6)-septate, more or less pedicellate; 0-septate 13x3-7 (8-20 X 
2-5), l-septate 24x4*2 (13-30x3-5), 3-septate 34x4-6 (24-47x4-6). Chlamydo- 
spores 1-celled 8-6 (6-10), 2-celled 13 x 8-6 (11-17x7-10). 

Growth on Media. 

On potato dextrose agar the mycelium was pale white and slightly fluffy, 
forming a mat over the agar surface; at the place of the inoculation sporodochia 
of a Smokegrey (28 A 2) colour developed even in young cultures; stroma wds 
coloured Italian straw (11 D 2) to Arizona (13 E 6). On oatmeal agar aerial 
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Fio. 14. Fuaarium solani v. airiatumx oonidia from ^4, 10 days old 
culture on oatmeal agar ; JB, 35 days old culture on 
same medium; C, 7 diys old culture on potato 
doxtroso apar; D, 21 days old culture on same 
medium. 


mycelium was absent; sporodochia of a New silver (11 B 1) colour were produced; 
stroma was coloured Italian straw (11 I) 2). On Richard’s agar the mycelium was 
fluffy and felt-like, with sporodochia of a cream (9 D 2) colour. On lupin stems 
aerial mycelium was sparse, but when present was of a flesh (11 A 2) or New silver 
(11 B 2) colour; sporodochia were cream to flesh coloured. On steamed rice the 
mycelium was white and felt-like and shades of white jade (10 A 2), Longechamps 
(6 A 9) and Rattan (11 K 6) developed. 


Measurements of Conidia. 

Oatmeal agar, 14 days old: 

0- septate 11x3-2 mostly 9-14x2-4-3-4 (8-17x2-6) .. 12% 

1- septate 23 X 4-3 mostly 19-26 x 4-1-4-9 (13-29 x 3-6) . . 13% 

2- 8eptate 27 X 4-3 mostly 24r-29 X 4- 1^-9 (23-34 x 4-6) . . 16% 

3- septate 32 x 4-6 mostly 29-36 x 4-1-4-9 (26-40 x 4-6) . . 69% 

Potato dextrose agar, 21 days old: 

0- septate 14x3-9 mostly 9-16x3-3-4-2(8-19x2-6) .. 19% 

1- septate 23 X 4-2 mostly 21-27 X 4-2 (16-29 X 4-6) . . 21 % 

2- septate 30 X 4-3 mostly 28-32 x 4-1-4-9 (24r-39 X 4-6) . . 22% 

3- septate 36 X 4-6 mostly 31-39 X 4- 1-4-9 (26^ x 4-6) . . 38% 

Lupin stems, 21 days old: 

0- septate 16 X 3-9 mostly 11-17 X 3-3-4-2 (9-20 X 3-6) . . 2% 

1- septate 26 X 4-2 mostly 23-27 X 4-2 (19-32 x 4-6) . . 21 % 

. 2-septate 29 X 4-4 mostly 26-32 x 4-2-4-9 (23-34 X 4-6) . . 26% 

3.8eptate 35 X 4-7 mostly 31-39 X 4-2-4-9 (24-47 X 4-6)- . . 61 % 
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Average of the above measurements : 

0- septate 13x3-7 mostly 9-17 X 2-4-4-2 (8-20 X 2-6> 

1- septate 24x4-2 mostly 19-27 X 4-2 (13-30x3-6) 

2- septate 29x4-3 mostly 24-32x4-1-4-9 (23-39x4-6) 

3- 8eptate 34x4-6 mostly 29-39x4-1-4-9 (24-47x4-6) 
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Introduction. 

The electron-microscope has made it possible to visualise extremely small 
objects of diameter of the order of 10 A diameter, by virtue of its high resolving 
power. However the realisation of this goal is dependent on adequate contrast 
or electron-scattering power of the specimen. The possibility of this limitation 
was first pointed out by L. Marton (1936). In electron-microscope practice, the 
objects are usually mounted on very thin films of collodion, formvar, etc. The 
contrast in the microscope image depends on the mass-distribution of the specimen, 
the denser portions scattering more electrons than the lighjier ones. 

The eye cannot distinguish between two regions which differ in brightness by 
less than a certain minimum amount which is usually taken as 10% (Zworykin et al., 
1946). Hence a particle will not be detected unless it has enough mass to scatter 
out at least 10% more electrons than the supporting film. This contrast difiOiculty 
is very serious in the study of minute biological objects such as viruses. It. is 
difficult to see these organisms although their dimensions (100 A) are greater than 
the resolution of the microscope. This is caused by the fact that their scattering 
power is of the same order as the supporting film and consequently in the image 
contrast is very poor. 

In order to overcome this difficulty, the scattering from the substrate has to 
be diminished and that from the particle increased at the same time. The first 
requirement is fulfilled by making the substrate of material of the lowest mean 
density and atomic number, and as thin as possible, so that it is just strong enough 
to stand the electron beam. The method of preparing very thin films of formvar, 
aluminium, beryllium, etc. (20-30 A thick) for this purpose has been described in 
literature (Cosslett, 1948; Hast, 1947, 1948). 

The electron scattering power of the specimen can be artificially increased by 
depositing heavy atoms on its surface. The technique of vacuum evaporation has 
been developed for this purpose. Mfiller (1942) in Germany first utilised this 
technique to measure the heights of electron-microscopic objects. Later in 1944 
Williams and Wyckoff introduced the technique of shadow-casting in electron- 
microscopy. The particle is exposed obliquely to an atomic beam of heavy metal 
which is evaporated under high vacuum (10"* to 10"* mm. of Hg). That side 
of the object which faces the oncoming atoms gets a layer of the metal attached to 
it while no metal falls in the region just behind the particle. The extent of this 
clear region depends on the height of the particle and its position with respect to 
the atom-source during .deposition. The clear portions, when viewed later on the 
negative electron-micrograph, appear like s^tdows and give the image the 
appearauTO of a three dimension^ object illuminated by a beam of light whose 
direction is the same as that of the shadowing atoms. 
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The amount and the nature of element used for shadowing has to be selected 
with great care. If the shadowing metal is too much it will distort the actual shape 
and cause sca ious errors in the size determinations. On the other hand, too little 
metal vapour w^ill not provide adequate contrast. In this paper we have calculated 
the thickness of metal needed to produce the desired contrast for different elements. 

Ttieobetical Considebations. 

In Fig. 1, a parallel beam of electrons is incident on the object. On meeting 
tlui object the electrons are scattered and emerge out as a divergent beam. The 
electrons making angles up to say 0 with the optic axis are allowed by the objective 
lens aperture and focussed by the lens on to the image plane. The optimum 



IMAGE format tON BY AN ELECT fiON* 
MICROSCOPIC OBJECTIVE. 


aperture angle for best resolution considering the combined effect due to spherical 
aberration and diffraction is given by 

A 


where A Broglie wavelength of the image forming electrons. 

G “ = spherical aberration constant, and 
/ — focal length of the objective lens. 

According to Rebsch (1938), the lowest obtainable value of C can be estimated to 
be -26. For an objective with very short focal length of 1 mm. and for electrons 
of 60 kV energy we have 

^ODt 




radians. 
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However, in practice the conditions are not so ideal and practical values of the 
aperture angle are usually of the order of 10"* or less. 

The incident electrons on encountering the specimen may be scattered in 
three different ways namely — (1) elastic scattering vith no energy change, but 
only with direction change, (2) inelastic scattering resulting in excitation or 
ionization of the atom, and (3) scattering by free electrons in the case of a metal. 
If we suppose that the total scattering cross-section is the sum of the three 
individual scattering cross-sections (Marton, L. and Schifi’, L. I., 1941), we have 

a = tTe+Oi+af .. .. .. .. ( 2 ) 


where <r« — elastic scattering cross-section, 

CTj = inelastic scattering cross-section, and 
Of — cross-section of scattering by free electrons. 

Considering the layer of object of thickness t to be divided into infinitesimal 
layers of thickness dt, it can be supposed that the electrons are scattered singly by 
each such layer. It can then be shown that if f© = the incident beam current 
and if = transmitted beam current, we have the relation 




( 3 ) 


where N — the number of atoms per unit volume of the specimen. 

The contrast effect in the image will evidently be determined by the excess of 
the incident beam current over the transmitted beam current expressed as a fraction 
of the incident beam current, i.e. by the quantity 


io—if 


*0 


Denoting this quantity by g we obtain with the help of Eqn. (3) 


9 = 1 (4) 

Solving for t we get 

in (i;^) 

* ~ iVq(gi ' ^ Angstroms. 

N aP 

Replacing N by N — » 


where = Avogadro’s number 

p = density and A = the atomic weight of the material of the 
specimen ; we obtain finally for t 


pNAa(e) 


XlO* 


Angstroms 


( 6 ) 


The above formula is correct so long as multiple scattering is neglected. This is 
uspally justified in shadow-casting for electron-microscopy since the thicknesses of 
deposits used are extremely small. Tl^ point will be discussed later. 
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Elastic Scattebing Cross-Section. 


The differential cross-section of scattering per unit solid angle for fast electrons 
from a consideration of the relativistic Schrodinger’s equation, as found out by 
Williams (1939), is 


da _ 1 

2 


(6) 


where 


Wo = rest mass of the electron, 

?; — velocity of the incident electron, 




and 


da} == element of solid angle. 

Hence the total cross-section for elastic scattering is given by 

sin 6 do d<f> 



■ J 

sm^g 


( 7 ) 


In the above formula the approximation sin 0 = 8 has been used after integration. 
This is quite justified in view of the very small angles used. Since 0 is small we 
can neglect the upper limit and write finally 


ae(0) 


1 _ 


( 8 ) 


From the above expression it is seen that a’J^O) tends to infinity as 0 tends to 
l.he value zero. Tliis happens because we have neglected the screening effect of the 
atomic electrons wOiich becomes extremely important for very small angles. In 
fact the above approximation is valid only up to a certain minimum angle Omia- To 
determine the cross-section for angles 0 < ^nUn 'we must take the effect of screen- 
ing into account. In the w'^ave treatment the scattering through an angle 0 depends 

on the field at distances of the order of 3 , 

V 

where 




the de Broglie wavelength of the electron. Now the dimension of the Coulombian 
field can be taken as 

, , / \ 

" Vwoe*/ 

where a® = radius of the Bohr orbit of the hydrogen atom. So that up to the 
distance a the effect of screening can be neglected. From the above consi^rations 
it is clear that the cut-off angle in the wave treatment is approximately 

^mtn “ 'T * * •• *• *• (8) 
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Substituting this value of 0min in Eqn. (8) we obtain for the total oross-seotion 
of elastic scattering for angle 

= (10) 

ft 


To find out the contribution to the cross-section for angles 0 less than Bmia 
William’s (1039) formula for the shielded field can be used; 


d<r 

dot 


42*6* 


1 


0* 


(^■^0*0*) 


( 11 ) 


Integrating this expression with respect to ^ from 0 to 2ir and with respect to 0 from 
0 to duin- 'VfB obtain 


a,(d)— <r,(^niiii) 


4w2*e* 1 C ^Ln(^Ln 1 


.. ( 12 ) 


where - has been put equal to 


Hence 


<rA0)—o{0ada) < <r[0min) ‘ g (^Ln 


• • 


(13) 


From the above it is evident that the contribution to the cross-section by 
scattering through angles 0 < ^min is negligible. Hence we can take equation 
(10) as the total elastic cross-section for angles less than 0 mt„ . In electron- 
microscopy the above condition is always realised in practice. 


Inelastic Scattebino. 

The atomic electrons will give rise to independent scattering as a result of 
which they are either raised to a higher level or ejected out of their orbits. The 

intensity of this inelastic scattering can be shewn to be of the order of - times 

the elastic scattering (Williams, E. J., 1940). The effective lower limit of the angle 

of scattering is where a' represents the dimension of the orbit of the atomic 

electrons. This cut-off angle is of the same order as the cut-off of elastic scattering 
due to shielding. Also the maximum angle through which the incident electron 

can be scattered by the atomic electrons is of the order of ( ^ ] . However this 

A 

can be neglected in comparison with -7. Hence the inelastic scattering cross- 

Of 

section can be approximately taken to be 


a, i 


Of* 


(14) 


. This can be neglected in comparison with for the metals usually used in 
shadow-casting. . 
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SOATTEHING BY FkEE ELECTRONS. 


Marton and SchifT (1941) have calculated the cross-section of scattering by 
conduction electrons. According to them 


for 

where 




80" 


0<204 


I. = A 


Sjta'I / 

where y — the number of free electrons per atom. 


0 


160^ 




(16) 


(16) 


Multiple Scattering. 

Relation (5) has been deduced on the supposition that only single scattering 
takes place. Hence it is important to know at what thicknesses multiple scattering 
sets in. Due to multiple scattering the intensity distribution per unit solid angle 
can be ajiproximately given by a Gaussian curve of the form (Zworykin et al., 1946) 


1 

7702 


(17) 


Where 02 is the mean square deflection and is given by (Williams, E. J., 1939) 

h 


= k In 


e: 


(18) 


(19) 


For 0„,i„ Eqn. (9) must be used and 



Integrating the above expression vith respect to ^ from 0 to 27r and with respect 
to d from 0 to 0 Ave get the fraction of incident current that is scattered back, into 
the aperture due to multiple scattering as 

e ^$d0dif> (20) 

0 •' 0 


_1_ 

7702 


— 2! 

^ 1 — p ss 


As long as this quantity is small compared to we can suppose that single 

scattering alone gives a .sufficiently true account. For the thickness usually used 
in shadow'-casting for electromicroscopy this condition is satisfied. As for instance 
for gold we have for 0 — 10~2 radians, and accelerating voltage of 60 kV 


pt ^ 10“® i.e. for « ^ 50 A 


.. ( 21 ) 


for 
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Table 1. 

Calculated values of elastic (o«) and free electron («y) scattering cross-sections and the 
corre^onding thicknesses ah# for different metals to produce 20% contrast in the image 
for 60 kV electrons and 0 assumed to be 10 radians. 


Metal. 

cm.* 

t,k 

cm.* 

ax 10^’ 
cm.* 

A 

Cr 

j 

-76 

36-3 

•38 

M4 

24-3 

Ni 

•93 

26-8 

•60 

1-53 

16-7 

Pd 

1-81 

17-9 

•41 

2-22 

14-9 

Ag 

1-86 

20-1 

•43 

2-29 

16-4 

Pi 

3-66 

9-2 

•41 

4-07 

8-3 

Au 

3-72 

10*1 

•43 

4-16 

9-0 

U 

4-48 

10*4 

•73 

6-21 

8-9 


This is very small. Hence it is seen that multiple scattering can be neglected. 
A better approximation can be obtained by applying Goudsmit and Saunderson’s 
(1940) theory of multiple scattering. 

Practical Application. 

The thickness of deposit of various metals required to produce a contrast of 
20% in the shadow, has been calculated. In these calculations the effect 
of inelastic scattering has been totally neglected. The results of the calculations 
have been summarised in Table I. 

The values of <r«, a/ and a have been given in the 2nd, 4th and 6th columns 
respectively of Table I, for different elements, for 60 kV electrons and for 6 — 10"* 
radians. The third column gives the thicknesses of the metals required to produce 
20% contrast, calculated from formula (6) taking only the elastic scattering 
cross-section. The last column gives the thickness for the same contrast taking 
the free electron scattering also into account. It is seen that the effect of this 
on the thickness of deposit is small in the case of the heavy elements, whereas it is 
appreciable in the case of the lighter elements. 

Figs. 2 and 3 show the contrast diagrams for two of the most frequently 
used metals in shadow-casting namely gold and chromium. These diagrams are 
plots of equation (5) with g in per cent taken as abscissa and the corresponding 
deposit thickness in Angstroms taken as ordinate. For gold the curve has been 
drawn taking the free-electron scattering also into consideration. For diromium 
two separate curves have been drawn: the continuous curve corresponds to the 
case wWe only elastic scattering is considered, while the dotted one represents 
the case where the effect of conduction electrons has also been taken into account. 

From the table <t is seen that with metals of higher atomic weight, shadows of 
adequate contrast may be formed even with a very thin layer of the shadowmg 
metal. Shadowing angles from tan“i (1) to tan“i (1/11) can be used depending 
on the nature of the particle to be investigated. The angle of shado'n’ing determines 
the degree of relief of the image. For examining very small details large angle 
shadowmg is required to bring out the necessary relief while for large objects small 
angles would suffice. If the background thic^ess of the deposit is t applied at 
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an angle tan"i ^ , the thickness of the deposit on the side of the particle directly, 

facing the metal is of the order of ht. So while shadowing care should be taken so 
that bl does not become comparable with the particle diameter. Hence for large 
angle shadowing, which is required to examine very fine details, the use of higher 
atomic weight elements is desirable such as gold, uranium, platinum, palladium, etc. 



The above considerations provide for a very good guide in shadowing electron* 
microscopic specimens. A large number of electron-micrographs were actually 
taken of specimens shadowed Avith different metals at varying thicknesses and it 
was found that the contrast in the shadows conforms well with the theoretical 
eonsiderations. Some of these shadow micrographs have been reproduced in Figs. 
4 and 5. 

Figs. 4 (o), (6), (c) shew the electron-micrographs of gold-shadowed bacteria 
flexneri the thicknesses of the deposit being 6 A, 8 A and 15 A respectively. 
From Fig. 2, the contrast in the shadow comes out respectively to be 6%, 20%, 
and 30*5%. 

Figs. 5 (a), (5), (c), show the shadow micrographs of bacteria Shigella shigM 
which had been shadowed with chromium at thicknesses of 85 A, 46 A, and 23 A 
respectively. Prom the dotted cinve of Fig. 3 the contrast in the shadow comes 
out to be a little above 60%, 33%, and 196% while from the continuous curve it 
is 40’6%, 24%, and 13'6% respectively. 

In conclusion the author wishes to acknowledge his thanks to Prof. M. N. 
Saha, F.R.S., for providing laboratory facilities and to Dr. N. N. Das Gupta for 
helpful discussions and constant encouragement during the course of this work. 
The author is also grateful to the National Institute of Sciences of India for granting 
a fellowship. 
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(a) (6) (o) 

Fig. 4. Gold-shadowed Shigolla flexneri. 

(a) 6 A of gold at an angle of tan“"^ ■— . X 15000. 

(b) 8 A of gold at an angle of tan""^ ~ , X 3500. 

(c) 16 A of gold at an angle of tan**^ ^ > X 9850. 





(a) (6) (c) 

Fio. 5. Chromium-shadowed Shigella shigas. 

(а) 23 A of chromium at an angle of tan**^ ~ , x 11800. 

(б) 45 A of chromium at an angle of tan*“^ , X 11200. 

(c) 85 A of chromium at an angle of tan“^ - , X 9700. 



Summary. 

The part played by scattering of electrons in the formation of image by transmission type 
electron-microsc^es has been discussed with special reference to shadow-cast electron- 
micrography. I^e thickness of deposit to produce desirable contrasti in the image has been 
theoretically^ calculated for a number of metals like gold, chromium, palladium, etc., suitable for 
diadow-casting. A large number of specimens has been shadowed according to theoretical 
considerations and found to produce well perceptible ^adows. 

8 
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TERTIARY POLLEN PROM LIGNITES FROM PALANA (EOCENE), 

BIKANER. 

By A. R. Rao, D.Sc., and K. P. Vimal, M.Sc., Department of Botany and 
Geology, Lucknow University, Lucknow. 

(Communicated by Prof. S. R. N. Rao, P.N.I.) 

{Received November 19, 1951 ; read August 1, 1952). 

Intboduotion. 

The occurrence of at least ten different types of pollen grains in some small 
lignites from Palana had already been reported in 1950 (Rao and Vimal). 
Encouraged by these finds, one of us went to Palana and collected lignites 
at different levels from a seam about 20 ft. thick. This seam occurs at a place 
about miles from Palana Rly. station in the district of Bikaner, Rajasthan. 
The beds according to the Geological Smvey of India definitely belong to the Eocene 
age (La Touche, 1897). Samples from a bed about three feet from the top (Bed 2), 
were macerated and examined. This examination revealed the occurrence of a 
number of microfossils like the oil bearing alga Botryococcus Braunii, small bits of 
cuticles of leaves and stems, pieces of wood, fungal and other kinds of spores, 
mycelia and pollen. At least twenty new types of pollen were found and their 
occurrence already reported (Rao and Vimal, 1961 ) and only these are being described 
in detail in the present paper. Samples from other beds are being macerated and 
a detailed and comprehensive description of these will be published in due course. 

Matebial and Methods. 

The material examined comes from Bed 2 which is about 3 ft. from the top 
of the seam which is about twenty feet in thickness. The material can be des- 
cribed as partly lignitic and partly peat. It is blackish in colour and very friable 
on drying. Pieces of yellow resin also occur associated with these lignites. The 
material not only contains loose pollen grains but also other microfossUs, and even 
tiny pieces of wood. 

The macerations of the lignites were done under bell jars inside a fume 
chamber. Before maceration the pieces were first heated in a Bimsen flame and 
then transferred to the macerating fluid. After about a week’s treatment with 
only strong nitric acid the material was washed and treated with 10% solution of 
Potassium hydroxide for about two hours. After this, the material which settled 
down to the bottom of the tube was washed repeatedly with distilled water. The 
material was then spread out on the slides in Glycerine Jelly and covered with a 
cover slip. All possible precautions to prevent laboratory contamination with 
living spores and pollen were taken. Different samples from the same block were 
examined and it was found that they all contained the same types of microfossils 
and only such types as ocoiured in all the different slides and samples were studied. 
The microfossils were examined in transmitted light with the normal low and high 
power objectives of the microscope. The use of an oil immersion lens was not 
found necessary. Staining the microfossils was also tried but without success. 
Tl^e grains were measured and drawn as far as possible both in polar and equatorial 
views. The pollen grains were mealed across in two planes at right angles to 
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each other in their polar views. In the equatorial view they have been measured 
along their 2 )ole to pole axis and the equatorial axis of the grain. These measure- 
ments are mentioned immediately after the respective views of the grain. Often 
thc! grains were allowed t(* roll over by gently moving the coverslip and the difiFerent 
views of the same grain were noted and sometimes even photographed. To make 
it easier for comi)arison, all grains as far as possible were drawn magnified to 1300 
times and photograjjhed at a magnification of 680. They are, however, reduced to 
650 and 566 respectively in the illustrations of this paper. The photographs are 
all from untouched negatives. 

Terminology. 

In the detailed description of the pollen grains we have adopted the same 
terminology as has been used by Erdtman (1943) in his very valuable book. 

Classification. 

In classifying these pollens w'e have in general follow'ed tentatively the 
classification of Wodehouse (1935) based upon colpae and pores. The grains with 
pores have also been grouped, according to Naumova’s (1937) classification, into 
Monoporosa, Diporom, TriporoMu, etc. The term Brachytrilistriate has also been 
borrowed from Naumova’s scheme to describe some kinds of tricolpate grains. 
Erdtman has recently (1947) classified thc fossil spores on the basis of not only the 
above characters but also on the structural details of the grains. We have not 
been able to fully adoi)t this classification because some of the diagnostic characters 
are not clear in our types, still we have tried to place our grains in their proper 
places in the above classification also, as far as our observations permit. 

Comparisons. 

It will be readily admitted that comparison of fossil pollen with living material 
is a diliicult problem. For one thing, we had no access to detailed or exhaustive 
literature on all kinds of living pollen. Secondly fossil pollen are subject to 
certain changes of shape, size and form during fossilisation. These two facts render 
our task of comparison very difficult and risky. It w’as therefore thought best to 
just describe the grains and not make rejidy comparisons. Yet as far as possible 
comparisons have been made when there has been close agreement between the 
living and fossil grains in form, dimensions, structural details and surface sculptur- 
ing. In this connection the important and invaluable books of Erdtman (1943) 
and Wodehouse (1935) proved our mainstay. Selling’s excellent monograph on 
Hawaiian pollen (1947) was also very helpful. 


Nomenclature. 

We prefer to describe our fossil grains for the present as just types. These 
types, mentioned in this paper have also been serially numbered in continuation 
with those described in our previous paper (1950). We are not inclined to adopt a 
binomial nomenclatmre yet, because we feel that identification based only upon 
external characters of the pollen grains are not fully satisfactory. Besides, we do 
not know fully the pollen grains of all the living plants. This naturally limits the 
field and value of our comparisons. Any generic and specific nomenclature of these 
pollen based upon the comparison of the living with the fossil pollen, should pre- 
ferably be supported by other evidences like leaf cuticles, wood bits, floral parts, 
seeds, etc. Till this is possible a comparison only with known living types seems to 
be the desirable course. 
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Conclusion. 

The twenty diflTorent types of pollen described in this paper as also the ten 
different kinds, described in our previous note (Rao and Vimal, 1969) all come firom 
Ugnitic beds of Palana which are regarded as Lower Eocene in age (La Touche, 
1897). The large number of Angiosperm pollen grains seen in our material 
generally support this view. It has not been possible to compare all our pollen 
grains with living t 3 ^s. But pollen grains comparable to those of Potcmogeton, 
Betvla and Tilia have been described from the Green River Flora (Colorado, Utah., 
U.S.A.), which is Eocene in age (Wodehouse, 1933). Miss Cookson (1950) has also 
described the pollen of different species of ProteacidUes from the Tertiary flora of 
Australia. Our collection shows a few pollen resembling some of the types 
described in the above two floras, and this lends further support to the Eocene age 
of the Palana lignites. 

Such of the pollen grains as have been compared, appear to belong to 
the folloAving families, Betulaceae (Betula Unta, B. tortusa) Fagaceae {Quercus 
rohur), {Q. otgrifolia), Aceraccae {Acer negimdo) Proteaceac {Proteacidites symphyo- 
nemoides), Potamogetonaceae {Potamogeton natans) Tiliaceae (Tilia americana), 
Cornaceae (Cormts ainomum), Pteridophytic spores are very rare and Conifer pollen 
appear to be absent. 

Without being dogmatic about it we wish to draw attention to some signihcant 
points. The presence in the matrix of a large number of Botryococcvs Braunii — 
a fresh water planktonic alga (Fritsch, 1936), and pollen comparable to those of 
Potamogeton natans and also the absence of any marine fossils suggest strongly that 
the Ugnitic beds wore probably fresh-water deposits. The pollen of the various 
terrestrial types listed above must have been blown into this deposit. This is quite 
likely since most of these plants which are anemophilous produce large quantities 
of pollen. 
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DBSCBIPnON. 

Aporosa, 

Type No. 11. Polar view (PI. XVII, fig. 1; PI. XVIII, fig. 1), 25-0^ x 22-4/*, more or loss 
spherical, Exino thin, I'l/x, hyaline incompletely preserved, smooth, the body of the spore 
separated from the wall at places by 2«3fi. The absence of a pore and the presence of a 
triradiate mark shows that it is a Pteridophytic spore ; colour brown. 

Monoporosa, (Types 12 and 13 come also imder Monoporiies of Erdtman, 1947). 

Type No. 12. Polar view (PI. XVII, fig. 2; PI. XVIII, fig. 2), round, 28*8/t in diameter, 
differentiated into an outer zone 3*6fi broad, lighter in colour and an inner zone 4*6fi broad 
and darker in colour. Exine smooth very thin, less than a micron in thickness. The 
simple central pore is slightly angular; brown. This type can be referred to 
PsUomonoporited of Erdtman (1947, p. 109). 

Type No, 13. Polar view (PI. XVTI, fig. 3; PI. XVIII, fig, 3), round, 35*5fi, in diameter, 
^texine l‘6fi thick, smooth and hyaline, (seen partly peeled off in the illustrations). 
Intexine thin, 1*19;* in thickness, pore central, round ; light b^own. This typo too can be 
referred to PaUomonoporites of Erdtman (1947). Types 12 and 13 resemble the pollen of 
Gramineae in having a single pore. But the thickened exine rim round the pore 
so characteristic of the grass grains (Erdtman, 1943, p. 66; Wodehouse, 1936, p. 304) is 
not found in our specimens. 

Tfiporoaa. (Types 14-18, come under Trioritea of Erdtman, 1947). 

Type No. 14. Polar view (PI. XVII, fig. 4; PI. XVIII, fig. 4) flat, triangular, 33-0/6 X 35-2/6^ 
pores three, one at each angle, aspidate, sides convex, exine 1-2/6 thick, granular, hyaline; 
* below the exine and extending from pore to pore is a thickening not seen in the photo- 
graph but shown shaded in the figure (2-2/i). This perhaps is not the intine but may 
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ho a Buboxinoous thickening like the one seen in Alnua (Wodehouse^ 1935, p. 370) and 
r^'gardod as very charatjtoristic of the genus Alnua, A comparison between our specimen 
and Alnus, is not possible partly because of the difference in dimensions and partly 
bocaiiso of the prosonce of more than three jwres in Alntis, This type although resembl- 
ing typo 4 (Kao and Vimal, 1950, p. 84), differs from it in being smaller and having slightly 
convex sides; light yellow. This typo can bo referred to Oranulotriorites of Erdtman 
(1947, p. 110). 

Ty]:)o No. 15. Polar view (PI. XVII, fig. 5; PI. XVIII, fig. 5) flat triangular, 36*8g x 36*8/x, 
with straight sides; equatorial view narrowly elliptic. It is difficult to photo^aph the 
equatorial view as the grain does not rest in that position. Pores round, three, one at 
each angle 7*Ifi in diameter slightly sunken 3 ‘ 6/4 deep. Exine smooth, 1*2 fi thick, sub- 
oxinoous thickening l* 3/[4 in thickness, surface sculpture granular; yellow. This type 
too can be rofimf^d to Qranulo^trioritea of Erdtman (1947, p. 110). 

Type No, 16. Grain flattened, triangular. Polar view (PI. XVII, fig. 6 ; PI. XVIH, fig. 6 ) 
equilateral, 34 - 5 / 4 x 34 * 5 ^. Pores thrtM), one at each angle, exine 1 * 2/4 thick, smooth, 
subexineous thickening present ( 2 * 4 / 4 ), surface reticulately sculptured; yellow. A 
comparison is possible between this grain and the pollen grain of Proteacidiiea 
Symphyonemoidea. (Cookson, 195fl, p. 172, pi. 2, fig. 17). This type can be roforrod to 
Reticula -trioritea of Erdtman (1947, p. 110). 

Typo No. 17. Grain part ly broken, flat, oblique polar view, (PI. XVH, fig. 7 ; Pi. XVIII, fig. 7) 
27*3/4X27*3/1, triangular, with slightly convex sides, pores throe, one at each angle, 
aspidato, 2 * 5/4 deep, 3 * 3/4 in diameter. Exine l-l/i thick, smooth, subexineous thickening 
( 2 / 4 ); light yellow. This typo can bo referred to Pailo-triorilea of Erdtman (1947, p. 110). 

Type No. 1 8. Grain flat, discoid. Polar view' hexagonal (PI. XVII, fig. 8 ; PI. XVIII, fig, 8 ) 
41*6/4X43*2/4, pores throe ([>), depressed, very broad, and 23*4/4 long, and forming the 
throe alternating sides iff the hexagon. Exine 6/4 thick, piliferous; brown. This type 
can bo referred to Pilo triorites of Erdtman (1947). It is quite likely that the above 
referred porf^s are really transverse furrows disposed along the equatorial region of the 
grain. The grain would then come under the Tricolpate type. 

Tricol pate, Tricolpitea of Erdt man (1947). 

Tyi>o No. 19. Tlio two figun's and the photograph (PI. XVII, fig. 9-10; PI. XVIII, fig. 9) 
arc of the polar views at different foci. Polar view triangular (PI. XVII, fig. 9; PI. XVIII, 
fig. 9), 32*0/4 X 28*8/4, suh's convex. Oolpae deep broad in the middle equatorial region, 
and narrowing towards tlio pohs and almost meeting in the centre of the polar area 
(PI. XVII, fig. 10). Ektexine smooth, hyaline and 2 * 5/4 thick; intexine I/4 thin. Surface 
granular; light yolJuw\ This tjq^o resembles the pollen of Quercua ap. (Wilson and 
Webster, j). 183, pi. 2 , figs. 33-35), and moro closely Quercua agrifolia (Wodehouse, 1935, 
p. 379) in shape and size. 

Tyf)o No. 20 . (PJ. XVII, figs. 11 - 12 ; PI. XVIII, figs. 10 - 11 ). PI. XVII, fig. 11 ; PI. XVIII, 
fig. 10 show the polar view' which is round, trilobed, 28 * 8 / 4 X 28 * 8 / 4 ; the oblique polar view 
(PI. XVII, fig. 12; PI. XVIII, fig. 11 ) shows ono of the furrows clearly. The grain is 
cleft by the furrow whi(‘h is deoj) and bixjad in the equatorial part and narrow in the polar 
area. Ektexine narrow, about 1/4 thick, smooth or slightly granular. Intexine about 
I *314 thi(?k; light yellow. This grain is very much like Type 19, except that the exine is 
comparatively thinner and slightly gronxdar. It offers a comparison with Quercua robur 
(Erdtman 1943, p. 100 , tigs. 192^ 193). A resemblance in appoa<rance but not in size can 
bo made out betw'cen this type and Tricolpitea Spm. described by Mrs. Cliitaley (1951, PI. 
13, fig. 13b and text fig. 15) from the Eocene beds of Mohgaon Kalan. 

Tv^pe No. 21 . Grain flat. Polar view (PI. XVII, fig. 13 ; PI. XVIII, fig. 12), triangular, sides 
convex, 35 * 7/4 X 36*7/4 furrow broad towards the middle and narrowing towards the ends, 
mostly confined to the equatorial part of the grain. Ektexine 1 * 9/4 thick, granular, intexine 
2 * 0/4 thick; light yellow. It nu 4 y be that the structures regarded €i 8 furrows in this grain 
are really elongated pores ; then a very close comparison can bo made between this grain 
£md tlio grain of Betula tortuaa, B, lenta and Carpinua betulue (Erdtman, 1943, pp. 74, 76, 
figs. 72-73, 67-68, 76-78). But in size it resembles the last species, the other two being 
smaller. 

Type No. 22. Grain thin, flat and tricolpate. Polar view (PI. XVII, fig. 14; PI. XVIII, 
fig. 13) round, 53*5/4 X 63*5/4, tliree lobod, lobes deep, broad at the periphery and narrowin g 
towards the centre. Colpao broad and deep. Exine 2 * 6/4 thick, surface positively 
reticulate; yellow. This grain resembles Type 7 (Kao and Vimal, 1960), but differs from 
it in being bigger and having a different siufaco sculpture. 

Type No. 23. (PI. XVTI, figs. 16-16; PI. XVIII, fig. 14) grain spherical, probably tricolpate. 
PI. XVII, figs. 16-16 are oblique polar views at lower and higher foci respectively, 29*6/« x 
30*7/4. The grain has split into three flanges (probably due to pressure) and perhaps along 
the tliree colpae. The outer sides of the flanges are convex, the colpae are deep o j n d broad. 
Exine 3 * 3/4 thick, finely granular; light yellow. This type can be compared with tlie 
pollen of Acer negundd in size, shape and surface sculpture. (Wodehouse, 1936, p. 441 ; 
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Erdtman, 1943, p. 66, figs, 36-37). This type can be referred to Ob-trioolpiM of 
Erdtman (1947, p. 109). 

Type No. 24. (PI. XVII, figs. 17-20; Pi. XVIII, figs. 16-16). PI. XVII, figs. 17-18 show 
the equatorial views of the grain at different foci. PI. XVII, figs. 1 9-20 show similarly the 
polar views at higher and lower foci. PI. XVII, fig. 17 and PI. XVITI, fig, 16 show the 
equatorial view with the two flanges in focus and here the grain appears almost round and 
measures 34* 6 /a from polo to pole and 32*4/1 along the equatorial diameter. Tlie thin slit 
like furrow separating the two flanges can be seen in the middle. PI. XVII, fig. 1 8 is another 
oblique equatorial view with only one flange in focus. The two hazy areas on the two sides 
are the remaining two flanges. Polar view (PI. XVTT, figs. 19-20; PI. XVIII, fig. 16), 
circular, three lobed, lobes (flanges) separated from ea(;h other by wodgo -shaped colpao 
which however do not meet, polar dimensions of the grain 35*7/i x 36*9/4. Each flange is 
convex on the outer side and 23* 8/a broad at tlie periphery. Exino granular, granules 
thick and close, forming a negative reticulum; light yellow. Tliis grain can also bo 
included under the Brachytrilistriate type of Naumova (1937, p, 366), Tliis type can 
perhaps come under the Ob-tricolpites of Erdtman (1947, p. 109). 

Pollen like types 22-24 are reported from the Tertiary lignites of South Arcot, 
Madras (Jacob and Jacob, 1960) but they are Tricolporate, while ours are tricolpate and 
do not show any pores at all. 

Type No. 26. (PI. XVTI, figs. 21-22 ; PI. XVm, fig. 1 7). Almost round, tricolpate, ( ? Brachit- 
rilistriate), PI. XVII, fig. 21; PI. XVIII, fig. 17 are equatorial views showing the two 
flanges and tlio narrowing slit-like colpa, (48*0/a X 38*4/4). PI. XVII, fig. 22 is the same 
grain seen at a different focus showing the third flange. A part of anothc^r flange is seen 
on the right. The flanges measure 22 * 1/4 broad in the equatorial view (PI. XVH, fig, 21 ; 
PI. XVin, fig. 17). Exino 2*4/a thick with long prismatic thickenings whit^h present a 
characteristic granular appearance in surface view. There is a subexineous thickening 
( ? intexine) 2*2/a thick ; light brown. 

Typo No. 26. (PI. XVII, figs. 2.3-25; PI. XVIII, figs. 18-19). Grain spherical but sUghtly 
ruptured, tricolpate. ( PI . XVII, fig. 23 ; PI . XVIII, fig. 1 8) show the equatorial view of the 
grain where the two flanges are in focus. PI. XVII, fig. 24 ; PI. XVIII, fig. 19 show another 
equatorial view of the same grain at a different focus showing the third flange. Dimensions 
of the grain as seen in the equatorial view (PI. XVII, fig. 23; PI. XVIII, fig. 18) are 83*3/a 
X 82*0/4. The flanges as seen in PI. XVII, fig. 24; PI. XVIII, fig. 19 appear to be widely 
Hoparated at one pole and more or less xmited at the other polo. But PI. XVII, fig. 23 ; 
PI. XVIII, fig, 18 show the two flanges slightly separated from each other. This 
might be just a tear in the grain. In fact the appearance of the grain is rather 
unusual and does not seem to represent its natural form. The two flanges are 
slightly flattened, broad at one end and narrowed towards the other, where they 
seem to be united and forming one of the polos of the grain. The broad translucent 
layer (e in PI, XVII, fig. 26) may bo the oxine which is 6*9/a thick and piliferous. 
The prominent papillae seen on the surface of tho grain (shown only in fig. 24 but not 
in 23) have a roimd or slightly angular head and a narrow stalk which seem to go as far 
down as the inner limit of tho exino referred to above (see PI. XVH, fig. 26). The 
papillae measure on the average 3*6/4 long and 2*3/4 broad. The stalk is 7*1/4 long and 
1 * 1/4 thick; light brown. 

Type No. 27. (PI. XVH, figs. 26-28; PI. XVIII, fig. 20). Tricolpate, and rather small 
in size. PI. XVII, fig. 26 shows the broadly elliptic equatorial view (21 *4^ X 23*4/4), with 
tho two flanges and the slit like colpa in focus. PI. XVII, fig. 27 shows again an 
equatorial view with tho third flange in focus. PI. XVII, fig. 28; PI. XVIII, fig. 20 show 
tho polar view of the same grain (26*1/4 X 27*3/4). Exine very minutely granular; light 
yellow. This typo can perhaps come imder tho Oh-tricolpitea of Erdtman (1947). 

Type No. 28. (PI. XVH, figs. 29-30 ; PI. XVIII, figs. 21-22). Tricolpate, PI. XVH, fig. 29 ; 
PI. XVin, fig. 21 show the equatorial view of the grain (85*6/4 X 78*4/4) with the two flanges 
in focus and the outline of the third flange seen hazily. Tho thin slit (seen better in 
PI. XVII, fig. 29) in the middle, is the colpa separating the two flanges. PI. XVH, fig. 30 ; 
PI. XVIII, fig. 22 show tho same grain at a different focus with the third flange in view. The 
flanges are 48*8/4 broad and 78*4/4 long, more or loss oval in surface view 6uad are convex on 
the outer side, Exine 4*0/4 thick and positively reticulate; brown. This grain in siznilar 
to Type 24 in general form and may also bo included under the Brachitrilistriato type. 

Tetracotp€ae. TetracolpiUa of Erdtman (1947). 

Type No. 29. (PI, XVH, figs. 31-33; PI. XVIH, fig. 23). Thin and flat. PI. XVH, fig. 31 ; 
FI. XVin, fig. 23 show the polar view of the grain (22*4/4 X 24*0/i) with its oruciform shape 
and the four oolpae jplaced at diagonally opposite sides, and measuring 3*6/4 broad and 4*0/4 
deep. The grain bemg very thin does not rest on its narrow equatorial face. So it was not 
possible to take a photograph or make a very accurate sketch. But still PI. XVH ,flgs. 32- 
33 are sexnidiagranunatio sketches of the equatorial view of an entirely different grain 
of the same species. PI. XVH,«fl[g. 82 shows the perfect equatorial view with the central 
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ftonge in the middle. PI. XVII, fig. 33 is an oblique equatorial view of the same grain 
showing tluree Ranges only on one side. Exine 3*5/i* thick, surface sculpture granular; light 
yellow. This type can come under the Per-oh-tetracolpites of Erdtman (1947). 

Pentacolpate. Pentacolpites of Erdtman (1947). 

Typo No. 30. Grain, thin, flat and with five narrow colpae. Polar view round (PI. XVII, 
fig, 34; PI. XVIII, fig. 24), 28*5/4 in diameter. Colpae five, narrow and 3*5/* deep. 
Exino 3*5/4 thick, translucent and granular; light yellow, Tliis type can come imder 
the Per*ob-peMtacolpites of Erdtman (1947). 

Hexacolpate, Hexacolpitea of Erdtman (1947). 

Typo No. 31. (PI. XVII. figs. 35-^36; PI. XVIII, fig. 25). Grain discoid, sixcolpate. 
Polar view (PI. XVII, fig. 35; PI. XVIII, fig. 25) round, 36*7/4 in diameter, six lobed, 
lobes 17*9/4 broad and almost flat at the periphery and separated by deep (11*9/4) colpae. 
Tho two lubes have been slightly pressed out of position. PI. XVII, fig. 36 is a very 
diagrammatic equatorial view of the grain showmg only three lobes and the two inter- 
vening furrows in fix -us. Equatorial dimensions could not bo made out as the grain does 
not rest on this surface. Exine 4*7/4 thick and granular; brown. This type can come 
undc3r the Ob -hexacolpitea of Erdtman (1947). 


Summary. 

Twenty different types of pollen are do8cri>)ed in detail from some lignites from Palana in 
Bikaner District in Kajasthan. Some of these pollen are comparable to the following genera 
of living plants: Bctulacenc\ Beixda Icnta, B, tortuaa; Fagaceae; Quercus robur, Q, agrifolia; 
^Iceroceae; Acer negnndo; Proteaceae; Proteacidilea aywphyonemoidea. 

The lignites referred to above probably belong to a fresh-water deposit as is evidenced by 
tho occurrence of a largo number of Botryococcus Braunii — a fresh- water alga, and the pollen of 
the Potamogeton type. Pollen of terrestrial x^lants seen in the matrix were probably blown by 
the wind into tho fresh w'ater. Some of tho pollen grains described in this paper resemble those 
found in the Eocene beds of Green Bivcr (Colarado, Utah., U.S.A.) and also in tho Tertiary 
deposits of Australia. 
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Plate XVH. 

Explanation of Figubbs. 

Figs. 1-36* Aporosa, 1 ; Monoporosa, 2 & 3 ; Triporosa, 4-8 ; Tricolpate, 9-30 : Tetracolpate, 
31-33 ; Pentaeolpaie, 34 ; BeatacolpaU, 35-36. * 

Explanation in text. All figures magnified 660 times. 
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UOHITKS FBOM PAl^AVA (BOOBKB), BIKANBR 
PtATB xvin. 

Explanation op Photographs. 

AU photographs ohow the gramo magnified $66 times. 

Aporosax Photo 1« Type 11, (25*0/* x 22*4 jli), polar view showing triradiate mark. 

Monoporosax Photo 2t Type 12, (28*8/4X28*8^), polar view showing single pore. 3, T.13, 
(35*5/4 X 35*6/i), polar view showing the solitary pore and peeled off exine. 

Triporosax Photo 4 , Type 14, (33*6/1X35*2/4), polar view showing one pore at each angle. 5 « 
T.16, (36*8/4X36*8/4), polar view^ a pore at each angle, subexineous thickening (s.e.) seen. 
69 T.16, (34*5/4 X 34*6/4), polar view, subexineous thickening (s.e.) very clear. 7 , T.17, 
(27*3/4x27*3/4), polar view showing aepidate pores, portion near one of the pores partly 

• broken. 8, T.18, (41*6/4X43*2/4), polar view, showing broad pores (p) and papillate exine. 

Tricolpate: Photo 9 , Type 19, (32*0/4 x 28*8/i), polar view showing the three colpae. 10 , T.20, 
(28*8/4X28*8/4), polar view showing the three colpae. 11, oblique polar view of the same 
grain showing one of the elongated colpae (c). 12 , T.21, (36*7/i x 36*7/4), polar view showing 
the three colpae. 13 , T.22, (53*5/4X53*5/4), polar view showing the three wedge-shaped 
lobes, deep colpae and reticulate exine. 14 , T.23, (29*6/4X30*7/4), slightly oblique polar 
view showing the two colpae clearly in the upper part of the photograph. 15 , T.24, (34*6/4 
X 32*4/4), equatorial view showing two flanges, the colpa between them and the granular 
exine. 16 , polar view (36*7/4X36*9/4), of the same grain showing the broad lobes and the 
colpae. 17 , T.26, (48*0u X 38*4^), equatorial view showing the tliin colpa separating the 
two flanges, the third colpa behind is not in focus; the dark band (a.e.) appears to be a sub- 
exineous thickening. 18 , T.26, (83*3/4X82*0/4), equatorial view at a lower focus showing 
the two flanges, the one on the right side has been pressed out of position. The flange on 
the extreme left which is partly seen in photo 18 is seen clearly in photo 19, which is another 
view of the same grain at a slightly dmerent focus. 20 , T.27, (21*4/4X23*4/4), polar view 
showing the broad flanges, deep colpae and the minutely granular exine. 21 , T.28, (86*6/4 X 
78*4/4), equatorial view showing the two flanges, and the intervening colpa (c) and the 
reticulate surface sculpture. another equatorial view of the same grain at a higher 
focus showing only one flange. The hazy areas on the two sides of this are the other two 
flanges, the colpa on the other side can also be seen. 

Tetracolpate: Photo 23, Type 29, (22*4/4X24*0/4), polar view, the small dark round marks seen 
in the photograph do not belong to the grain but belong to the mounting medium. 

Pentacolpatex Photo 24 , Type 30, (28*6/4X28*6/4), polar view showing the five lobes and the 
reticulate exine. 

Hexacolpatex Photo 26, Type 31, (36*7/4 X 36*7/4), polar view of the discoid grain showing the 
six lobes with flat outer surfaces. 
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Intkoduotion. 

■ Chlorophyll plays an important role in the development of the assimilating 
system of plants (Schertz, 1921). Its concentration varies with ago and maturity 
(Deleano and Dick, 1935; Mackinney, 19.36; Murneek, 1934; Ram and Chetty, 
1934; Wood, 1941; Wood, Cruickshank and Kuchel, 1943; Zaitzeva, 1940), day 
length (Beck, Redman and Schroeder, 1937; Chailakhian, 1934; van Hille, 1938), 
quality and intensity of illumination (Alexandrov, 1929; Beck, Redman and 
Schroeder, 1937; Beck, 1938; Biebel, 1942; Goodwin and Owens, 1947; Hicks and 
Panisset, 1934; Strain, 1934; Strott, 1938), season (Beck and Redman, 1940), and 
environment (Gutherie, 1929; Ulvin, 1934; Whiteside, Edger and Goidden, 1934). 
Pigment ratios also vary in sun and shade leaves (Ram and Chetty, 1934) in response 
to nutrients and soil conditions Ijdo, 1935; Singh, 1941 ; Strott, 1938) in general, and 
nitrogen (Tam and Magistead, 1936), iron (Hill and a Lehmann, 1941; Jacobson, 
1945; Sideris and Young, 1944), chlorides (Basslavskaya and Syroeshkina, 1936; 
Inman, Barclay and Hubbard, 1936), magnesium (Rissman, 1939; Strain, 1934) 
and potassium (Gassner and Goeze, 1934; Sideris and Young, 1946) in parti- 
cular. Relation between chlorophyll and proteins (Hanson, Barrien and Wood, 
1941 ; Noack, 1927 ; Sideris, 1947), photosynthesis (Arnold and Kohn, 1934; 
Emerson and Webb, 1940; Fleischer, 1936; Stoll, 1936; van Hille, 1938), res- 
piration (Noack, 1927) catalase, peroxide and aldehyde content (Euler, Hertzsch, 
Forssberg and Hellstrom, 1931) in plants is also visualised. In chlorotic pine 
apple plants, iron with ammonium or nitrate ions induces variations in ascorbio 
and other organic acids depending largely on the rate of nitrate reduction (Sideris, 
1944). Chlorophyll is suggested to be adsorbed on plastids (Stoll, 1936) 
imparting properties related to its biological functions (Hanson, 1939). A com- 
prehensive account of factors affecting chlorophyll content along with the 
biochemistry of this plant pigment appears elsewhere (AronofF, 1950). 

This paper reports the results of experiments on sugarcane under varying 
conditions of nutrition. Variations in cmorophyll content of leaves have been 
analysed in terms of the levels and ratios of nitrogen, phosphorus and potassium, 
age of plants and development stages of leaves. The investigations were initiated 
in 1937 by Singh et al. and continued subsequently by Lai and co-workers. 
The evidences collected in different directions are marshalled together to provide a 
complete picture of the responses of nutrients on chlorophyll content of sugarcane 
plant. 


Experimental pBOCEDtruB. 

Sugarcane plants were grown in pots of different sizes, 10''xl2', 12'xl8* and 
48* X 24', each filled with a known quantity of soil or sand. All calculations of the 
nutrients added were in<Roated in p 4 >.m. of the weight of sand or soil used, or in lbs. 
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per acre calculated on the basis of top surface area of pots. Adequate attention 
was given to irrigation, weeding and hoeing so as to provide normal conditions for 
sugarcane growth. Nutrients were aflded in the form of inorganic fertilisers, 
organic bulky manures, or pure salts in the different experiments which have been 
described in detail in earlier publications (Singh, 1937-42, 1941a, 1941b). Only the 
summarised results ptu-taining to leaf pigments are presented in this paper. For 
details of the quantity of sand or soil, amount of nutrients or number of cultures, 
n'ference may be made to the original sources from where these observations were 
collected. 

Chlorophyll content or concentration of various pigments was estimated on 
fully expanded leaves on the mtiin shoot, sampled at certain specified stages of 
life c!ych‘, and kept overnight in the laboratory with their cut ends dipped in water. 
Portions of lamina exehuling midrib W(!re removed and chopped into fine pieces. 
1 to 6 grns. of the fix'sh material j)repared in tliis w'ay was extracted with 25 to 60 
<j.c. of 3 : 7 ether-acetone mixture. Extraction w'as completed in a dark chamber 
at the prevailing room tem|)eratur(! or in an electric incubator at 35°C. Wherever 
extraction was not eom])le1.o \^^tllin seventy-two hours, further extraction was 
continued in a Soxhlet. Maceration of tissues uith fine quartz sand and 
subsequent extraction of pigments in an electric incubator at 35°C. was also found 
helpful. 

Ether-a«!etone extract was made up to a known volume and the content of 
total chlorophyll was estimated by Oltman’s apparatus (Oltraan, 1933) and 
expresB(id in milligrams j)er ten grama of fresh material unless otherwise stated. 
For estimation of tliflerent pigments, viz., (chlorophyll a, chlorophyll b, carotin and 
xanthophyll, the etlur-aeetone extract was separated into these pigments according 
to the procedure indicated elsewhere (lA)omis and Shull, 1937; Schertz, 1928). 
Pigment ecHicentration was determined by Klett Colorimeter using Guthrie’s 
standards (Guthrie, 1928) for the green and yellow pigments. For all comparative 
studies as the one reported in these pages, this method of estimation was found 
to be quite helpful. 

Expebimental Results. 

(a) Effect of nitrogen, potassium and phosphorus on chlorophyll content of 

sugarcane leaves. 

Chlorophyll content of leaves under conditions of pot culture varied with the 
fertiliser and the ratio in which the three ingredients were applied. As a rule, 
nitrogen applied at 160 lbs. level either singly or in combination with potassium or 
phosphorus induced higher chlorophyll content than cultures not supplied with 
nitrogen. Average response of nitrogen Avas significant in the year 1937-38 but 
not so in a subsequent season (Table 1). Phosphorus and potassium at 76 lbs. 
P2O6 and 76 lbs. KgO failed to evince any significant response in these soils, 
when varying N, P, and K levels were maintained in the sand cultures. 

100 lbs. of N significantly improved chlorophyll content above the values recorded 
for the control. Application of phosphorus at 37'6 lbs. or 76 lbs. P2O5 significantly 
reduced chlorophyll content below' the value recorded for the control. Potassium 
at the lower levels of 26 lbs. K2O also proved deleterious. Heavier doses of 50 
lbs. K2O on the contrary, significantly improved chlorophyll over that recorded 
for 26 lbs. K2O cultures (Table 2). 

Subsequent investigations on the effect of varying levels and combinations 
of N, P and K in sand nutrient cultures showed that chlorophyll content reached 
the highest level when nitrogen was added at 20 p.p.m. of sand. Further 
increases of N beyond this appeared deleterious (Table 3, Pig. 1). Increases in 
phosphorus also raised chlorophyll content to the highest level under 20 p.p.m. of 
PsOs. Further additions showed a negative effect. In the potassium cultures 
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Table 1. 

CMorophyll content in mgm, per 10 gm. fresh weight of aitgarcane in soil ctiUures. ♦ 


Ago in days. 

C 

N 

P 

K 

NK 

NP 

PK 

NPK 




1937 

-38 






18-0 

21*9 

22-5 f 22-6 

25-1 

23*5 

21-7 

21-7 




1938-39 





46 

4*4 

8*2 

7*5 

6*6 

6-9 

frl 

6*4 

8*6 

n6 

6*1 

9*3 

7*4 

6*4 

6-2 

6*1 

6*4 

9-0 

226 

61 

10-1 

7-6 

6*3 

7-8 

7-1 

6*8 

10*6 

Mean 

6-2 

9-2 

7-4 

6-4 

6*9 

61 

6-2 

9*3 





Mean responses 





N 

I 

> 



K 

1937-38 

l-62t0*80* 

1-27 ±1-32 



0*47 ±1-46 

1938-39 

l-68t0*97 

0-76 ±1*06 



-0-19tl-06 


♦ From Singh (1941a). 


Table 2. 

Chlorophyll content of leaves in mgm, per 10 gms. fresh weight under different treatments 

in sand cultures.^ 



Ko 

Ki 

K, 


D 

Pi 

P2 

1 

Po 

Pi 

p* 

Po 

Pi 

Pa 

No .. 

24- 8 

25- 0 

21*2 

22*0 

21*2 

23*0 

12*4 

15*0 

14*8 

15*5 

9*2 

10*8 

25-2 

27-1 

11*6 

14*5 

16*0 

20*0 

Ni .. 

16*8 

18*0 

12*4 

15*0 

19*6 

20*0 

39*6 

42*0 

13*6 

16*0 

14*8 

17*0 

16*8 

20*0 

32-4 

36-4 

16*8 

20*0 

N, .. 

29*6 

320 

44*0 

48*0 

19*6 

21*0 

21*2 

24*0 

10*4 

12*8 

16*8 

19*0 


12<4 

16-8 

12-4 

16*0 


Upper figures for 45 days, lower (italics) for 120 days. 


Mean responses. 



46 days 

120 days 

Ni-No ' .. 

2*93 ±2*76 

3-60 ±3-40 

No-No . . 

6*63±1*64** 

8-69±0-84** 

Nj-Ni . . 

3*68±3-77 

2>44t3-24 

Pr-Po 

-7*02 ±2-60* 

•-7-00±3'20* 

P,-Po 

-.9*96±2-12** 

-10*16±2-10** 

Pj-Pi 

-2*93±1*31* 

0-18t2-ll 

Ki-Ko 

-6*27±2*41* 

-3-26tl-66* 

K,-Ko .. 

-1.78 ±2*67 

0-10 ±2-80 

- K,-K, .. 

4*45t0*92** 

6-80±2-90* 


f From Siogh al, (1937-42). 
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none of the treated series shew higher chlorophyll content than the control. 
On the contrary, additional potassium proved deleterious. In another series 
of exi3eriments where varying N, P, and K levels \^ere applied to the cane, 
it was noted that und(^r sand nutrient culture conditions, nitrogen at Nj (76 lbs. 
N) or N 2 (160 lbs. N) was helpful in improving chlorophyll content over that 
of the control. Other treatment effects were not significant (Table 4). 

Table 3. 


Chlorophyll c(ynteyH ptr nvit weight of leaves under increasing doses of N, P, and K with basal 
dressings of other two in pot cultures in sand medium* * 


Ll‘Vol8 of 

N 

p.p.m. 

Clilnrophyll 
in m>?m. 

Levels of 

P 

p.p.m. 

Chlorophyll 
in mgm. 

Levels of 

K 

p.p.m. 

Clilorophyll 
in mgm. 

0 

6-8.3 

0 

9-35 

0 

11-26 

10 

6-8,3 

6 

10-60 

5 

8-7.3 

20 

n-2.3 

10 

8-10 

10 

. . 

30 

8-75 

J.3 

. , 

16 

7-60 

40 


20 

11-26 

20 

6-25 

m 

8-76 

26 

10-00 

26 

7-00 

60 


30 

9-00 

.30 

9-35 


♦ Basal nutrition in N scries = 20 p.p.in. each of P 2 O 5 and K 2 O ; P series — N at 30 
p.p.m and K 2 O at 20 p.p.m,; K series — N at .30 p.p.m. and P 2 O 5 at 20 p.p.m. 



Fig. 1 . Effeot of varioiis levels of N, P 2 O 5 and EI 2 O upon chlorophyll content of sugarcanov 
leaves. 
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Tabijc 4, 

Chlorophyll content of mature leaves under different conditions of treatments in sand 

cultures. 



K, 

Ki 

K, 


D 

B 

P* 

B 

B 

Pa 

Po 

Pi 

1 

Pa 

No .. 

1-0 

3-7 

2-6 

1-2 

2*8 

2-4 

1-2 

l-» 

3-7 

N, .. 


0-2 

5*6 

5-2 

6*2 

5-0 

5-0 

2-5 

3-1 

No .. 

6-() 

6-2 

3-7 i 

3-2 

6-8 

6-0 

6-4 

0-9 

3*1 


Mean respfynses. 


Ni-No . 

2-72t0*65** 

Pi-Po ■ 

0*94 1 0-5 

Ki-Ko . . 

-0-66f 0-3.'> 

N,-No . 

2-66i0*54** 

Pa-Po • . 

0-65±0*6 

Ko-Ko . . 

-1-01 ±0-79 

N*-Ni . 

0-07 i 0*68 

Pa-Pi . ■ 

0-66 *0*6 

Ko-Ki .. 

-0-36±0-68 


{b) Effect of inorganic and organic manures. 

Investigations conducted in this direction shew the most helpful effect of 
fish guano among the organics and of sodium nitrate among the inorganics during 
the early stage of 30 days. During a later period of 210 days, bone dust appeared 
better than other organics while nitrate of potash proved more helpful than other 
inorganics. At both these stages the average chlorophyll content in the inorganic 
group was higher than that recorded for the organic group (Table 5, Fig. 2). 



o. 


I 

J 

c 

£ 




* •h ^ 


AS 




its 4is 


Fxa. 2. 


Effect of vaoriouB forma of manure and varying levels of deficiency and sufficiency 

of sugarcane leaves, (upper left 30 daysi upper right 
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Tablk 5. 


Chlorophyll content in nujni. per 10 yms, fresh weight of leaves under different organic and 
inorganic fertilisers in soil cultures in pots, ♦ 


Treatments 

30 days 

210 days 

Fish guano 

20*0 

13*0 

Blood moal 

18-2 

15-5 

Hone dust 

19-0 

16-6 

Castor cake 

18-2 

130 

Sulphate of Ammonia 

18-2 

18-0 ^ 

Nitrate of potash . . 

18-2 

22-5 

Nitrate of Soda 

23-0 

16-0 

Niciphos 

21-0 

15-6 

Calcium Cynamido 

21-0 

17*0 


♦ From Singh (1937-42). 


Tablk 6. 

Chlorophyll cemtent of leaves in mgm, per 10 gms. fresh weight under half and half mixtures 
of organic and inorganic manures in soil. * 


Treatments ^ 

Fish guano 

Blood meal 

Bone dust 

Caster cake 

Sulphate of Ammonia 

21-0 

18*2 

17-5 

20*5 

17-6 

18-0 

21*5 

15*5 

Nitrate of potash 

20-5 

2()'() 

20*0 

21-0 

i2S 

12-0 

19*0 

15*5 

Nitrate of Soda 

15-5 

17-0 

18-2 

19*0 

' 

U'5 

18-0 

17*0 

12*5 

Niciplios 

19-0 

37-5 

15-5 

34-0 

21-S 

19^5 

15*0 

15*5 

Calc'ium cyanamide 

19-0 

16-0 

24-5 

20-5 


14 5 

12-5 

15*0 

13*5 


Uppi'F figures for 30 days and lower (italirs) for 210 days. * From Singh (1937-42). 


Tablp: 7. 

Chlorophyll content in mgm. per 10 gms, fresh weight of leaves under various conditions of 
deficiency and sufficiency of fertilisers. ♦ 


Levels 

N 

P 

K 

NP 

NK 

PK 

NPK 

S/8 

10*6 

5-9 

15-5 

9-6 

14-7 

9*6 

6*6 

S/4 

11-0 

6-6 

15-6 

12-5 

16*5 

8-0 

7-4 

S/2 

18-0 

6-7 

20-6 

18-0 

14-8 

9-1 

6*4 

S 

, . 

. . 

, , 

, , 

, . 


18-6 

2S 

16-2 

13*2 

13-2 

. 14-8 

18-7 

11-2 

13-0 

4 S 

14-9 

14-0 

12-0 

19-0 

15*6 

9*9 

14*3 

8 S 

17-7 

10-8 

8-7 

17-6 

21'2 

1 

13-4 

8*6 


♦ From Singh (1937-42). 
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Further, in half and half mixtures of organic and inorganic manures, chlorophyll 
content of sugarcane leaves at 30 days was highest in a mixture of niciphos and 
blood meal. At 210 days, half and half mixture of niciphos and fish guano shew 
the highest chlorophyll content each applied at 76 lbs. N. level. A mixture of 
sulphate of ammonia and bone dust at similar levels was equally effective (Table 6). 


(c) Effect of mineral deficiency and excesses on chlorophyll content of 

sugarcane leaves: 

Application of N, P, or K in varying quantities below and above the standard 
fertiliser mixture of 150 lbs. N and 76 lbs. each of P2O5 and K£0 (Singh, 194b) 
shew the outstanding effect of nitrogen and phosphorus. Deficiency of nitrogen 
lowered the chlorophyll content consistently with each increase in the level of 
deficiency. Phosphorus deficiency reduced chlorophyll content at all the levels 
below that of the standard phosphorus culture. Slackened supply of potassium 
was least effective in lowering chlorophyll content (Table 7, Fig. 1). Increases in 
the level of all the three ingredients N, P and K singly at a time, lowered chloro- 
phyll content below that of the standard treatment. In general, the higher the 
dose of these ingredients the lower was the chlorophyll content. When two or 
tliree elements were maintained deficient or in excess, the results were equally 
interesting in as much as the deficiencies of NP, NK, PK, NPK all reduced chloro- 
phyll content below that of the standard culture (S). On the sufficiency side added 
doses of NP, and NK appeared more helpful than increases in PK or NPK at 2, 4, 
or 8 times the normal level maintained in the standard culture (Table 7). 


{d) Effect of nitrogeyi^ potassium and phosphorus on the chlorophyll content 

under field conditions: 

In field, nitrogen at 40 lbs. level proved to be most helpful in improving 
chlorophyll content of leaves. Higher levels of 60 and 80 lbs. N were found to be 
inferior in chlorophyll formation (Table 8). When varying N, P, and K 


Tabus 8. 

ChXorophyU content of mature leaves of sugarcane under increasing doses of nitrogen 

under field conditions. 


Dose of N 

Chlorophyll content 

20 lbs. 

10*0 

40 lbs. 

11*2 

60 lbs. 

7-6 

80 Ibe. 

8-7 

100 lbs. 

11*2 


combinations were applied in a factorial experiment under field conditions, 
variations in chlorophyll content were foimd amongst the differently treated plots. 
Analysis of the response of these fertilisers showed the most significant effect of 
76 and 160 lbs. nitrogen level in improving the chlorophyll content of leaves. 
Increase in phosphorus from 37*6 lbs. to 76 lbs. P2O5 also proved helpful in raising 
the chlorophyll content. Other treatments were insignificant in effect (Tie^ble 9). 

9 
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Table 9. 

Chlorophyll content o/ matxire leaves under dijferent treatments under field conditions. 



Ko 

1 

Ki 

Ka 


Po 

Pi 

p* 

Po 

Pi 

P2 

Po 

1 

Pi 

Pa 

No .. 

4-6 

Ti-O 

7-6 

6-() 

6-2 

6-4 

8-1 

3*1 

8-7 

Ni .. 

10-0 

8*7 

8-7 ! 

8*7 

6-0 

9-3 

7*5 

6-8 

9-2 

N, .. 

9-6 

8-7 


8*1 

10-0 

8*75 

9-4 

9-3 

10-2 


Mean responses 


Nj-No . 

2-04* 0-68** 

I’l-Po 

l-U9t0-66 1 

Ki-Ko . 

-0*44±0'53 

Ng-No 

3*09t(j-53** 

P*- Po • 

0-68 ±0-36 

10 

o 

0-01+()-60 

Nj-Ni . 

1*06 ±0-57 

Pa-Pi ■ 

1-70 1 0-69* 

Ka-K, . 

0-42 1 0-67 


(e) Pigment content of sugarcane varieties : 

Of the eight varieties of sugarcane, maximum chlorophyll a content was noticed 
in Co 453 and minimum in ORB 79. Chlorophyll h content was, however, maximum 
in Co 448 and minimum in Co 356. In general, Co 453, 448 and 421 showed 
relatively liigher content of chlorophyll as compared to other varieties. Carotin 
content on tlie other hand, was highest in ORB 191, while xanthophyll was highest 
in Co 453. Total yellow pigments were highest in Co 453 followed by ORB 191 
and Co 448. Other varieties showed relatively lower content of yellow pigments 
(Table 10), 

Table 10. 

Figment content of different varieties of sugarcane in mgm. per 10 gms, fresh weight. 


Variety 

Cliloro- 
phyll a 

Chloro- 
phyll 6 

Total 

green 

Cartoin 

Xantho- 

phyll 

Total 

yellow 

OHI^ 79 

2-89 

2-75 

6-64 

1-26 

3-00 

4-24 

OK13 117 

3-21 

2-32 

5-63 

1-50 

4-10 

6-60 

CO 453 

7-07 

2-80 

9-87 

3-70 

6-50 

10-20 

CO 35ti 

6-70 

1-20 

6*90 

3-20 

5*20 

8-40 

CO 341 

3-80 

3-29 

7*09 

2-18 

2-90 

508 

CO 421 

4-76 

4-10 

8-86 

2-17 

3-46 

5-62 

CO 448 

6-31 

4-25 

9*56 

3-86 

4-72 

8-58 

ORB 191 

4*25 

2-77 

7-02 

1 

3-87 

6-11 

1 

9-98 


In another experiment, pigment content and pigment ratios were estimated 
in five sugarcane varieties — Co 453, Co 421, P.O,J, 2878, Co 206 and Rheora — grown 
under four distinct conditions of nutrition — complete nutrition, nitrogen deficiency, 
phosphorus deficiency, and potassium deficiency. Over-all nutrition values showed 
that the variety Co 453 excelled all others in certain directions, viz., chlorophyll a, 
chlorophyll 6, carotin, total green pigments and total yellow pigments. Other 
pigment ratios, e.g., total yellow/carotin, total green pigments/chlorophyll 6, 
chlorophyll a/chlorophyll 6, chlorophyll a/carotin, were also slightly higher in this 
variety. Co 206 shew slightly higher ratios of total yellow/xanthophyll, total 

9B 
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Tablb 11. 

Pigment content and pigment ratios in different sugarcane varieties in mgm, per 10 gm, 

fresh weight of leaves. 


Varieties 


Complete 

nutrition 

~N 




Mean 


Chlorophyll a 


Co 453 . . 

7*60 

8*60 

38*00 

12*76 

16-69 

Ck) 421 . . 

6*90 

7*80 

6*40 

9*26 

7*09 

P.O.J.2878 

8*60 

7*60 

12-07 

3*04 

7*78 

Co 206 . . 

8*45 

6*95 

8*56 

21-26 

11*30 

Kheora 

7*30 

6-26 

6*96 

2*91 

6-86 

Mean 

7*53 

7*40 

23*91 

9*84 



Chlorophyll b 




Co 463 . . 

6-25 

8*76 

6*16 

22*35 

10*63 

Co 421 . . 

7-26 

7*30 

4*66 

7*60 

6*70 

P.O.J.2878 

6*95 

6*96 

23*60 

2*12 

9-90 

Co 206 . 

10*25 

8-25 

8*78 

4*15 

7*86 

Jlheora . . j 

8*45 

7*50 

10*17 

3*12 

7*31 

Moan 

7*83 

7-76 

10*46 

7*86 

• • 


Carotin 


Co 453 . . 

2*10 

2-06 

8*30 

27*20 

9*91 

Co 421 , . 

2-40 

2*00 

11*36 

14*83 

7*64 

P.O.J.287S 

2*26 

2*10 

14*30 

11*60 

7*63 

Co 206 . . 

1*95 

3*36 

9*36 

6*45 

5*02 

liheora 

2*10 

2-00 

8*66 

7*60 

6*03 

Mean 

2*16 

2*30 

10*37 

13*29 



Xanthophyll 




Co 463 . . 

3*16 

2*73 

22*36 

11*80 

7*50 

Co 421 . . 

3-26 

3*03 

10*63 

13*28 

7*64 

P.O.J.2878 

3*75 

3*60 

9*70 

10*04 

6*77 

Co 205 . . 

2*16 

3-00 

11*60 

3*24 

4*97 

Kheora 

3*04 

2*63 

12*36 

9*70 

6*93 

Mean 

3*06 

2*99 

13*30 

9*61 

• • 


Total green pigments 


Co 463 . . 

13*76 

17-26 

43*16 

36*10 

27*32 

Co 421 . . 

13*15 

16*10 

9*96 

16*86 

13*74 

P.O.J.2878 

15*46 

14*46 

36*67 

6*17 

17*68 

Co 206 . . 

18*70 

16*20 

17*34 

26*40 

19*16 

Kheora 

16*75 

13*76 

17*13 

6*03 

13*16 

Mean 

16*36 

15*13 

24*65 

17*71 



Total yeUow pigments 


Co 463 .. .. .. i 

6-26 1 

4*78 

30*66 

39*00 

19*92 



6*04 

21*98 

28*11 

16-19 

P.O.J.2878 

6*00 


24-00 

21-64 

14*31 

Co 206 . . 

4*10 

6*36 

20*89 

8*69 

9*99 

Kheora 

6*14 

4*63 

20*90 

17*20 

11*96 

Mean 

6*22 

6*30 

23*67 

22*90 

• * 
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Table 11 (Contd.) 

Pigment content and pigment ratios in di^erent sugarcane varieties in mgm, per 10 gm, 

fresh weight of leaves. 


Varieties 


Complete 

nutrition 


— N 


— P 


— K 


Mean 


Total green pigments jchlorophyU a 


Co 453 . . 

1*83 

2-03 

M3 

2*75 

1*93 

Co 421 . . 

2*22 

1*93 

1-84 

1*82 

1*96 . 

P.O.J.2878 

1*81 

1-93 

2*95 

1*70 

2-09 

Co 206 . . 

2-21 

2-18 

2-02 

M9 

1*90 

Rlieora 

2-16 

2-20 

2*46 

2-07 

2-22 

Mean 

2-04 

2-05 

2-08 

1*90 



Total green pigntenisj chlorophyll b 


453 . . 

2-20 

1-97 

8-36 

1-67 

3*52 

Co 421 . . 

1*81 

2-06 

2-18 

2-21 

2*06 

P.O.J.2878 

2*22 

24)8 

1-51 

2-43 

2*06 

Co 206 . . 

1*82 

1-84 

1-97 

6-12 

2*93 

Rheora 

I 1*86 

1-83 

1*68 

1*93 

1-82 , 

Mean 

r— 

1-98 

1-95 

3-14 

2-85 



Total yellow j Carotin 


Co 463 . . 

, . 

, , 

2*60 

2*33 

3*69 

1*43 

2*48 

Co 421 



2*35 

2*52 

1*93 

1*89 

2-17 

P.O.J.2878 



2*66 

2*71 

1-67 

1*87 

2*22 

Co 205 



2*10 

1*89 

2*23 

1*69 

1*96 

Rheora 



2*44 

2*31 

2*44 

2*29 

2*37 

Mean 


• • 

2*41 

2*65 

2*39 

1 

1*74 



Co 453 . . 

Co 421 
P.O.J.2878 
Co 205 
Rheora 
Mean 


Total yeUowjXantJiophyU 


1-66 

1-74 

1-60 

1-91 

1-69 

1-70 


1-75 

1-66 

1- 58 

2- 16 
1-70 
1-78 


1- 37 

2- 07 
2-47 
1-81 
1>69 
1-88 


3-31 

2*02 

211 

1*89 

2-14 

1*90 

2-68 

2*13 

1-77 

1*90 

2-40 

, . 


Total green pigmentsjtotal yellow pigments 


Co 453 



2*62 

3*61 

1*41 

0*90 

2*13 

Co 421 



2-32 

2*99 

0*46 

0*69 

1*58 

P.O.J.2878 



2-67 

2-64 

1*49 

0*24 

1*71 

Co 206 



4*56 

2*39 

0-83 

2-92 

2*47 

Rheora 



3*97 

2*97 

0-82 

0-36 

1*05 

Mean 



3*12 

2*90 

1-00 

1‘00 



Co 453 . . 

Co 421 
P.O.J.2878 
Co 205 . . 

Rheora 
Mean 


ChlorophyU ajcklorophyU b 




1*20 

0*97 

7*36 

0*67 



0*81 

1*06 

MS 

1-21 



1*22 

1*08 

0-61 

1-43 



0*82 

0*84 

0*87 

6-12 



0*86 

0*83 

0-68 

0*93 


i 

0*98 

0*95 

2-14 

1-86 


2*52 

1*06 

1*06 

1*94 

0*83 
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Table 11 (Otmeld,) 

Pigmefii content and pigment ratios in different sugarcane varieties in mgm, per 10 gm, 

fresh weight of leaves 


Varieties 


Complete 

nutrition 



Mean 


Chlorophyll bjCarotin 


Co 453 . . 

2-97 

4*27 

0-62 

0-82 

2*17 

Co 421 . . 

3-02 

3-65 

0-40 

0-51 

L89 

P.O.J.2878 

3-09 

3-31 

1-65 

0*18 

2-06 

Co 205 . . 

6-26 

2-46 

0-94 

0-76 

2*36 

Rheora 

4-02 

3-75 

M9 

0-42 

2>34 

Mean 

3-67 

3-49 

0*96 

0-66 


Chlorophyll hjXanthophyU 



Co 453 . . 

1-99 

3-20 

0'23 

1-89 

1*83 

Ck) 421 . . 

2-23 

2-41 

0*43 

0-57 

1*41 

P.O.J.2878 

1-85 

1-93 

2*43 

0-21 

1-0O 

Co 205 . . 

4-77 

2-76 

0-76 

1-28 

2*39 

Rheora 

2-78 

2-86 

0*82 

0-32 

1*69 

Mean 

2-72 

2-63 

0>83 

0*85 

. . 


Chlorophyll ajCarotin 


Co 463 . . 



3*67 

4*14 

4*57 

0*47 

3*19 

Co 421 



2*40 

2*90 

0*47 

0*02 

1*80 

P.O.J.2878 



3*78 

3*58 

0*84 

0*20 

1*80 

Co 206 

, , 


4*32 

2*07 

0*92 

3*90 

2*80 

Rheora 

, , 


3-47 

3*12 

0*81 

0*38 

1*95 

Mean 



3-62 

3*30 

1-62 

1*13 

•• 


Chlorophyll ajXanlhophyll 


Co 463 . . 

2*38 

2*47 

1*70 

1*81 

2*09 

Co 421 . . 

1*81 

2-67 

0*61 

0*69 

1*39 

P.O.J.2878 

2*26 

2*08 

1*24 

0*30 

1*47 

Co 205 . . 

3*93 

2*31 

0*74 

6*66 

3*38 

Rheora 

2*41 

2*38 

0*50 

0*30 

1*41 

Mean 

2*66 

2*30 

0*95 

1*93 

• • 


CarotinfXanthophyU 


Co 453 



0*00 

0*75 

0*37 

2*30 

1*02 

Co 421 



0*73 

0*00 

1*69 

Ml 

1*06 

P.O.J.2878 



0*60 

0*68 

1*47 

M4 

0*95 

Co 206 . . 



0*91 

1*01 

0*81 

1*14 

0*97 

Rheora 



0*69 

0*70 

0*69 

0*77 

0*73 

Mean 



0*72 

0*75 

1*00 

1*29 

• • 


green/total yellow, chlorophyll 6/carotin, chlorophyll 6/zanthophyll and chlorophyll 
a/zanthophyll than other varieties. The remaining three varieties were in general, 
poorer in the majority of the pigioont ratios (Table 11). It was also significant to 
note that drou^t resistant Bheora showed the least content of chlorophyll a, total 
green pigments, total chlorophyll/chlorophyll 6, total yellow/zanthophyll, total 
green/total yellow, chlorophyll a/ohl<nrophyll 6, and carotin/xanthophyll ratios. 
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Co 206 another variety tending towards drought resistance (Lai and Mehrotra, 1950) 
showed slightly lower concentration of carotin and xanthophyll, total yellow 
pigments, total chlorophyll/chlorophyll a, and total yellow/carotin ratios than 
other standard canes. Co 421 also evinced lower Chlorophyll b, chlorophyll 
6/carotin, chlorophyll 6/xanthophyll and chlorophyll a/xanthophyll ratios. The 
drought susceptible P.O.J. 2878 showed more or less intermediate values between 
the other sugarcane varieties. How far chlorophyll a and poor total green 
pigments in Rheora were drought resistant characters would be analysed in later 
investigations. 

(/) Effect of Mineral deficiencies on pigment content and pigment ratios: 

Effect of nitrogen, phosphorus, and potassium deficiencies was analysed in 
pot cultures using sand medium where different conditions of mineral deficiency 
were maintained with the aid of Hoagland’s solutions (Lai and Mehrotra, 1950). 
The effect of these nutrient deficiencies was analysed in five sugarcane 
varieties mentioned in Table 11 at maturity. Over-all varietal figures show that 
phosphorus deficiency markedly improved chlorophyll a/chlorophyll 6, xanthophyll, 
total green pigments, total yellow pigments and chlorophyll a/chlorophyll 6 ratio. 
A marked improvement in green and yellow pigments and the relatively greater 
increase in chlorophyll a as compared to chlorophyll 6 was evident in phosphorus 
deficient leaves. Potassium deficiency w'as noted to improve carotin, total chloro- 
phyll/chlorophyll 6, total yellow/xanthophyll and carotin/xanthophyll ratios. No 
marked reduction in various green and yellow pigments or their ratios was noted 
in nitrogen deficiency. It thus became evident that while phosphorus deficiency 
improved green pigments, nitrogen deficiency failed to induce any marked 
alteration in various pigments under the conditions of sand nutrient cultures at 
maturity. As agabist these deficient cultures, fully manured canes shew the highest 
ratios of total green/total yellow, chlorophyll 6/carotin, chlorophyll 6/xanthophyll, 
chlorophyll o/carotin and chlorophyll o/xanthophyll. These plants also shew marked 
reduction in carotin, total yellow, total yellow/xanthophyll and carotin/xanthophyll 
ratios. Balanced nutrition, therefore, led to poorer yellow pigments and higher 
proportion of green pigments (Table 11). 

{g) Effect of leaf development on pigment content and pigment ratios : 

Pigment content of leaves of various stages of development collected from 
apex downwards on the main shoot of sugarcane was determined at 250 days in 
the life cycle, in variety Co 453 grown under field conditions. Chlorophyll a was 
highest in the second expanded leaf from the top; further advance in age reduced 
its concentration. Slight tendency to high chlorophyll a content in the oldest 
green leaf (fifth leaf) was also observed. With the onset of yellowing, chlorophyll 
a content shew a continuous decline in the sixth, seventh and eighth leaf (Fig. 3). 

Chlorophyll 6 content was highest in the first and third leaves. Older leaves 
shew a decline in concentration of this pigment. Tendency to show high 
chlorophyll 6 in the sixth leaf was also noticeable. Seventh and eighth leaves 
shew disintegration of green pigments resulting in marked decline in chlorophyll 
6. Carotin and xanthophyll were highest in the fourth leaf. Sixth leaf also tended 
to show high content of these pigments. Further with advance in age, decline in 
total yellow pigments was less characteristic than the decline in the content of total 
green pigments. 

Chlorophyll o/cMorophyll 6 and total chlorophyll/chlorophyll 6, shew the 
same trend of variation with leaf development reaching a maximum in the fifth 
leaf. Total green/total yellow, chlorophyll 5/xanthophyll. total yellow/xanthophyll 
and carotin/xanthophyll ratios also showed relatively high values for the third 
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leaf. Comparative figures shew relatively higher values for pigment content and 
pigmeiit ratios in the third and fifth leaves. A general disintegration of green 



pigment as compared to the yellow pigments was observed with advance in age. 
Percentage decline in total green pigments between the young and old leaves was 
relatively higher than the fall recorded for the yellow pigments. Disintegration of 
chlorophyll started beyond the third leaf stage, while the yellow pigments declined 
only after the sixth leaf stage. Older leaves also shew higher proportion of total 
yellow/carotin ratio. This was in pontrast to that obtained for total yellow/ 
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xanthophyll ratio which shew a reverse course. A gradual fall in carotin more 
in proj>ortion to xanthophyll was noticeable with advance in age after the third 
leaf stage reaching lowest carotin/xanthophyll ratio in the seventh leaf (Kg. 3). 


Discussion. 

Summarizing the evidences put forward in the previous pages on the effect of 
nutrients upon chlorophyll content of sugarcane leaves, it may be pointed out that 
this character was largely determined by the nutrition provided to the sugarcane 
crop. Relatively, application of nitrc^en in local soils was more beneficial in 
increasing chlorophyll content than applications of either phosphorus and potassium 
as fertilisers. This was clearly evident from the results of experiments narrated 
in the previous pages. Jjower doses of nitrogen were less effective than higher 
doses, of the order of KKt lbs. N. Phosphorus and potassium on the contrary, 
failed to bring about any significant response under conditions of pot cultures. 
In the field, however, pho.sphoru8 exliibited a slightly significant effect at 76 lbs. 
P2O5 level. Useful effect of nitrogen at 20 p.p.m, and of phosphorus at 6 p.p.m. 
have aiso been noted in pot cultures. Potassium on the contrary, proved 
deleterious under the conditions of pot culture. In sand medium, phosphorus and 
potassium exhibited tendencies to decrease the chlorophyll content of leaves. 
Increases above the basic level of phosphorus to 37-5 lbs. or to 76 lb8. 
PjOs proved deleterious. Lower levels of potassium were equally harmful on 
chlorophyll content. Increase in potassium from 26 lbs. to 60 lbs. K2O in soil, 
however, raised the chlorophyll content. A good ratio of NPK for high chlorophyll 
content was N2P0K2 where the corresponding levels of nutrients were 160 lbs. N, 
and 60 lbs. K2O without any added phosphorus. 

Relatively, deficiencies of mineral ingredients also brought about marked 
reduction in chlorophyll. In general, the larger the deficiency of nitrogen the 
greater was the decrease in chlorophyll content during active growth period. When 
all the throe ingredients N, P, and K were deficient, chlorophyll content was lowered 
to the maximum extent. Sufficiency of two or more elements was usually 
deleterious. 

The deleterious effect of nitrogen starvation towards the end of the growth 
cycle in these investigations did not appear to be as characteristic as the effects of 
nitrogen starvation dining early stages when signifieant reductions in chlorophyll 
were recorded. Phosphorus deficiency, on the other hand, sheiv characteristic 
effects in increasing the concentration of all the gi’een and yellow pigments. How 
phosphorus deficient plants increased these pigments is yet unknown. Obviously, 
it pointed out the possibility that in presence of phosphorus, nitrogen could not be 
fully utilised in increasing the chlorophyll content; in absence of phosphorus, 
relative abundance of nitrogen enabled the latter to be utilised more in the 
formation of these pigments. Further light on this point would be thrown in a 
later communication. As against these two deficiencies, absence of potassium 
caused an increase in concentration of carotin; a higher proportion of carotin 
relative to xanthophyll was formed. A comparison of the effects of three 
deficiencies shew that phosphorus deficiency was more helpful from the point 
of view of chlorophyll. Tliis is why a phosphorus deficient crop looked more deep 
dull green in contrast to the bright greenish colour of leaves in the normal fed plants. 

The data further led to the view that chlorophyll content was governed by the 
total nutrition provided to the crop. By total nutrition is meant the total con- 
centration of N, P, and K supplied to the culture medium. In general, amonc' all 
the twenty cultures investigated (Table 3) highest chlorophyll content was recoMed 
m cultures where the total nutrient concentration was 60-70 p.p.m. Higher 
Qoncentrations shew deleterious effects in some cases (potassium cultures) and less 
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80 in others (nitrogen and phosphorus cultures). If the proportion of nitrogen 
in the* total nutrition provided was below 33 per cent, cldorophyll content was 
markedly reduced. If it was higher, within the range of 40 to 60 per cent of total 
concentration, slightly harmful effects wore observed. Nitrogen higher than 33 
per cent of the total concentration of NPK in other words, did not limit chlorophyll 
ftvmation. Proportions lower than this initial limit on the contrary, exhibited a 
state of poverty adjustment for chlorophyll formation. Similar critical limits for 
phosphorus was a concentration of 28 per cent in the total NPK concentration. 
Above and below this level, states of luxury consumption and poverty adjustments 
were noticed. In the case of potassium, increases beyond 5 per cent exhibited 
luxury consumption of this element. A proportion of N : P : K in the ratio of 
33 : 28 : 6 per cent of total concentration appeared to be a safe ratio for maximum 
chlorophyll formation under conditions of pot culture. 

The data further indicated that a total salt concentration of 60 p.p.m. and above 
was found to be helpful in raising the chlorophyll content of leaves provided 
nitrogen formed one of the main constituents of the nutrition provided (Table 3). 
Concentrations lower than this were decidedly harmful. The average figures for 
different cultures indicated that a higher proportion of nitrogen than either phos- 
phorus or potassium was required for inducing high chlorophyll content. Nitrogen 
between 50-66 per cent of total nutrition induced highest chlorophyll content. 

Comparative analysis of these responses indicated that above 66 per cent 
^trogen invariably shew luxury consumption and below 33 per cent of the total 
nutrition in the medium, it exhibited the state of poverty adjustment. Within 
this range of 33-66 per cent chlorophyll content appeared to be somewhat 
determined by the concentration of other nutrients in the culture medium. 
Relatively, nitrogen was the most important. Even in the absence of P and K a 
moderate supply of nitrogen within the range indicated, was sufficient to induce 
high chlorophyll content. 


Stjmmaby. 

This paper deals with the relative effects of nitrogen, phosphorus and potassium applied 
in various ratios and proportions, effects of organic and inorganic fertilisers, relative sufficiency 
and deficiency effects of the N, P, and K, and effects of age and development on the 
chlorophyll content of leaves of sugarcane. The investigations were conducted in pots and 
under field conditions and portray the results obtained during the past fourteen years in this 
laboratory. 

Chlorophyll content was markedly affected by the conditions of nutrition provided to the 
sugarcane plant. Relatively nitrogen was more effective in increasing chlorophyll than either 
phosphorus or potassium. Of these three ingredients, deficiency of nitrogen lowered chlorophyll 
content. Phosphorus deficiency raised the chlorophyll jjigments oven beyond the control and 
shew states of better utilisation of nitrogen in the formation of the green pigment. Potassium 
starvation shew symptoms similar to that of deficiency of phosphorus but the improvements 
in the pigments were of lower degree. 

Various forms of inorganic and organic fertilisers altered chlorophyll content but no con- 
sistency in results was recorded in response to either of them. Mixtures did not exhibit any 
distinct effect, though a mixture of half and half niciphos and blood meal at an early stage 
proved more helpful than others. 

Advance in age of leaves decreased chlorophyll content after the fifth leaf stage. Total 
yellow pigments on the other hand, increased up to the fourth leaf from top and thereafter 
declined. The decline in green pigments was more than in the yellow ones; disintegration in 
the former started earlier than in the latter. A gradual fall in carotin more than in xanthophyll 
was noted with advance in age. 

Chlorophyll content was markedly determined by the total concentration of all the 
nutrients and the peroentage proportion of individual ingredients, nitrogen, phosphorus and 
potassium, in the total nutrition provided to the crop. Critical limits of nitrogen appeared to 
be 33 per cent of the total concentration below and above which this ingredient exhibited states 
of poverty adjustment and luxury consumption respectively. Within this range of 33-66 per 
cent, response was regulated by the presence of other complimentaiy factors in the culture 
medium. For high chlorophyll, a total concentration of 66 p.p.m. of added nutrients was the 
Optimum requirement with the nitrogen forming one of the main mgredients in the ratio of 
N : P : K : : 33 : 28 : 5 in the nutrition aiihlied. 
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In Vart II (Ramasastry, 1962), it is outlined that the method adopted to get 
at the vibrational analysis of the near ultraviolet absorption bands of carbon- 
disulphide is to consider the possibility of finding two overlapping band systems in 
the region A 3800 —A 2900 and to try as far as it is possible experimentally to isolate 
bands belonging to the two systems. In the same paper evidence was presented 
to ascribe most of the bands in the violet end from A 3300— A 2900 of the absorption 
spectrum to an electronic transition (Plate la, b, c of this paper). 

iBands at the other end of the spectrum in the region 3800A— 3500A (Plate If) will 
now be considered as most of them are likely to belong to another electronic tran- 
sition •Ml- The over-lapping region between 3600A— 3260A (Plate Id, e) 

will be analysed in a subsequent communication. 

The development of the absorption in the entire region 380()A-2900A is 
presented in Plate XIX. The various strips are reproductions from Medium Quartz 
spectrograms. Plate XX shows a Quartz Littrow spectrogram obtained at on metre 
absorption tube length containing CS 2 at the saturation vapour pressure at 27 ®C. 
The bands are traceable up to 3816A while one countenances continuous absorp- 
tion below 3600 A. Remembering that progressions with an interval of about 
270 cm.'i were noticed by earlier investigators in this region, the following series 
can be presented on the basis of the relative intensities and the positions of the 
members. 
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Progressions II, III and IV were noticed only in part by the earlier investi- 
gators. Progression I and its relation to progression II are newly brought out. 
Undoubtedly these two progressions are related to each other by the bending 
vibration » 398) of the ground state. Following Lieberman (1941) and 
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Mulliken (1941), taking it for granted that the molecule is linear in its 
(ground) electronic state and that the members of progression 1^7 arise fror* 
vibratioulcss ground level ^2^, one has to explain the above progressions as due 
to transitions from both and >77, tj'pe lower levels to one and the same set of 
upper levels. The interpretation of progression III as progression IV— vo' 1.' 
however somewhat uncertain because of numerical discrepancy; neverthele^j, the 
unmistakable presence of progression I and its displacement from progression II 
by V 2 * necessitates the interpretation that they arise from two p Ij. lower state 
levels of the deformation vibration to one and the same set of upper state fovels. 
Such transitions are not allowed by the selection rules enunciated by 'Mulliken for 
the — electronic transition. 

i 

As it is almost certain that the electronic transition is between a linear lower 
state and a considerably bent upper state, the symmetry elements common to both 
the point groups />„,* and C^v need only be considered to arrive at the allowed 
transitions. As is a sub-group of tbe linearity of the molecule in its 
ground state is to bo considered as a particular (special) case of the bent condition 
for purposes of this transition. Both vi and vibrational modes of the lower 
state will then h.ave to be considered as totally symmetrical (they are already 
totally symmetrical in the upper state). 

The transition now falls into line with Herzberg and Teller’s selection rules. 
It is very much similar to the near ultraviolet transition in SOg (Metropolis, 1941), 
where the bond angle has changed considerably due to the electronic transition 
and made extensive progressions in possible. From these considerations one 
can always look for bands displaced to the low energy side of the above mentioned 
progressions by the amounts »x6.')6-f-mx400 where n and m are integers 0, 1, 2, 3 
etc. Accidental locations can be eliminated from intensity considerations. 

However, in view of the fact that Mulliken ’s selection rules were found to hold 
good to a large extent in the case of the short wavelength system represented 
by electronic transition, it will be interesting to see how far the rules 

for the transition are obeyed/ among the long wavelength bands. 

Liebermann’s identification of progression IV as (OvO)'— (00 0)'^2?'^ and of 
progression II as (0 v 0)'— (0 2 0)* ^2* may bo retained. Then progression I should 
be interpreted as (0 v 0)'— (0 3 0)*. Its appearance is against the selection rules; 
nevertheless the progression is present in an unmistakable manner. If these rules 
are completely violated, progression (0 vO)'— (0 1 0)* should also be expected 
with sufficiently high intensity and displaced from progression IV by —398 cm.~t. 
But the observed progression in this region namely progression III is displaced only 
by —388 cm.“i from progression IV. The discrepancy of about 10 cm.“i can 
hardly bo accounted for by errors in measurement. Turning to Mulliken’s selec- 
tion rules, one finds that (0t;“0)'— (0 0® 0)* is allowed while (0i>*0)'—(0 1*0)' is 
forbidden. On the other hand, (0 0)' — (0 0)' is permitted. (The humeral on 
the central quantum number indicates the gyrovibronic quantum number K in the 
bent upper state and the azimuthal quantum number 2 for the linear lower state 
as in Part II.) 

Thus progression III can be labelled as (0 0)'— (0 1^ 0)' with a good deal of 
justification. The levels (0 U 0)' and (0 0® 0)' of the ground state are known to 
be placed 398 cm.-^ apart while progression IV and III are separated by 
388 cm.~i only. This difference of about 10 cm.”! will be the separation between 
the levels (0 0)' and (0 0)' of the upper electronic state and is to be ascribed 

to the gyrovibronic energy with A! = 1. Taking this energy to be given by the 
expression CK (JT-f-l), we have (7 = 6 which corresponds to the B value forrotatioji 
about the axis of least movement of inertia in the bent molecule. Having 
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'-'•'luated one can approximately predict the location of the progression (0t?2 0), 

- (U255o;* w. 'ch again is allowed by Mulliken’s selection rules. It showd be 
displaced from pr ogression IV [(0 t>® 0)'— (0 0“0)*] by —2v2+CK(K+\)=s—lQQ 
-|-30s= — 766 cm. '’v (taking ,K^2) approximately. Such bands arc in fact 
observed at the expected positions, quite prominent and intense. These are 
27226, 27513, 27776, 28041 and appear on the short wavelength side of 
the me*, hers ,of progression II [(0 w® 0)'— (0 2® 0)*]. These new hands will be 
designatea " j II-o orogression. 

The abovv. .«iiai, sis explains most of the intense bands in the region 3800 A- 
355UA. The exceptions should now bo mentioned. It has already been remarked 
tii. t the appearance of progression I is against Mulliken’s selection rules. It may, 
howe 'or, be noted that in this progression the most intense band is v 27070 with 
=- AV2 = A»8 =0. 

Bands 26176, 26461, 26747 are located at —1523 {v^") from the corresponding 
numbers in progression IV. Their appearance is forbidden by both Mulliken’s 
and Herzberg and Teller’s selection rules. But these bands are, however, very 
weak. 

A search has been made for bands shifted to the low energy side of the intense 
bands by the various values of the ground state vibrational energies. The values 
tried are 398, 656, 800, 1056, 1312, 1456, 1623 and 1600 and the results are given in 
Table II. 

It is interesting that there are no bands, even very weak ones, displaced by 
—398 cm.“i either from members of progression III or progression II-o. Two 
weak bands, 27868 and 28143 are located at —403 and —402 cm.“i from 28271 
and 28545 of progression IV and a very weak band 26670 can be represented by 
(0 3 0)'— (0 4 0)'. 

A superposition of the totally symmetrical vibration Vi* on the lower states 
of any one of the above-mentioned five progressions will not alter the species 
character of those states. The Boltzman factor for this vibration is 1/23. The 
expected positions of the —656 bands of progression IV fall on the R-branches of 
the members of progression III which, arising as it does from the (0 1 0)" level should 
be more intense both from the point of view of Boltzman factors and F-C Principle 
for transitions to a bent upper state from a linear state. It is on the whole 
observed that the bands involving vj* vibration are rather very few and weak. It 
may be that when excited in eombination with other vibrations of the ground state 
it might have changed its magnitude that it could not be easily pieked up and/or 
the transition probabilities considerably fall doAvn when this vibration is excited 
in the ground state. In the region studied, there are no other progressions suffi- 
ciently long to justify the detection of another frequency of the upper electronic 
state; in particular vj' could not be calculated. If as a result of the electronic 
transition the internuclear distance were changed, the vj' and vj* should appear 
prominently in progressions. From the absence of these and the predominence of 
>' 2 ' progressions it may be suggested that in the upper electronic state of these 
absorption bands the CSg molecule is considerably bent while the C-S internuclear 
distance remained sensibly unaltered. 

A passing mention may be made of the other possible interpretations of the 
various progressions. The interval 414 cm.”^ between the progressions II and 
III may be regarded as vi of the upper state. Then progression III will be (1 v 0)' 
— (0 2 0)' instead of as (0 v 0)'— (0 1 0)'. Similar 414 cm.”^ progression should also 
be found associated with progression IV. But such a one is not present. There 
is also no immediate explanation of progression Il-a and this 414 cm.“^ interval 
has not been frequently met with among the other bands. Further, the absence of 
(0 V 0)' — (0 1 0)' should be regarded as due to the forbidden nature of the transition 
and the presence of (0 v 0)' — (0 3 0)' as an exception considering its weakness. To 
meet this anomaly one nmy represent" progression II itself as the (0 v 0)' — (0 0 0)', 
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progTMsion I as (0 1>0)' — (0 1 0)*, progression III as (1 » 0)' — (U ()())' and progress''"' 
IV a^ (2 V 0)' — (0 0 0)*. This leads to vj' = 414 cm."t and 2vi' — cai.”^ ard 
the ditcropancy may be explained as due to the repulsion bctwee’^. sue energy levels 
2i>i' — 828 and Sv^' ~ 867. Then the whole thing will be ax agreement with 
Herzberg and Teller’s selection rules for transition from linear lower to bent upper 
state as outlined earlier. But then it w'ould be difficult, with the help of the ab''"'^- 
mentioned repulsion, to explain the observed decrease in the intervals of ,ne pg' 
progressions as it would indicate sudden increase in these intervals tt j repelled 
levels. There is thus not enough justification to disregard the ' -"ori agreement 
of 801 cm.“t with the 2pg'' of the ground state. 

Coming back at this stage to the earlier analysis based on Mulliken’s selectir i 
rules, it is worth while reconsidering the relative intensities of the various pro- 
gressions though this has already been done to some extent by Lieberms m and 
Mulliken . The populations of moleenles in the various vibrational levels of th j groimd 
electronic state are governed by the Boltzman factors. In addition, for the bending 
vibration which is two-fold degenerate the wth level has the statistical weight 
(tJ-t-l). The relative proportion of the molecules in the initial levels (000) — 0, 
(Ol())_398, (100)— 656, (02(i)— 80l, (030)— 1200, and (001)— 1523 are as 1: 1/3-3; 
1/23: 1/16-7: 1/78-8: 1/1483. The high intensity of bands arising from levels with 
large energies of the bending vibration is very striking. The intensity of an absorp- 
tion band is dependent on (a) Boltzman factors (6) Stati.stical weight (c) transition 
probability w'hich is determined by the Frank-Condon principle. Liebermar" 
pointed out that the — 8(M> progression (II) is one-fifth or one-sixth as intense as 
the (000)' progression (IV). The first two factors could account for an intensity 
of one-lifteonth only. The additional intensity has got to be ascribed to an increase 
in the transition probability. This increase is probably because, from the 
consideration of the F-C principle, the transition to a bent upper state is more 
favoured if a bending vibration is excited in the lower linear state of the molecule. 

The gradual decrease in the intervals between successive members in the 
Pg' progressions may partly be due to anharmonicity. If one tries to extend these 
progressions further than is shown, one encounters a strong band- with a sudden 
decrease in the interval, o.g. at 28410 and 29082. In the present work progression 
II could be traced to its first member at 26601. The expected position of the sixth 
member of progression I falls in the degradation of an intense band 27698-27626 
whose peak at 27601 is already included as the third member of progression III. 
So, due to the overlapping of higher members of falling intensity on the intense 
bands of progression III, progression I could be extended up to its fifth member 
only. 
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46-12 

1 

27426*1 

27427 

w 





27431 

w 


39*52 

1 

27468-4 

27469 

Str 

(0 3 OHO 2 0) 




27476 

w 

36-62 

1 

27498-6 

27497 

w 


34-16 

1 

27608-9 

27611 

Str 

(0 3* OHO 2* 0) 

26*72 

1 

27666*3 

27666 

W 

22-42 

1 

27598-0 

27600 

V str (0 2» OHO 1» 0) 

21-1 

1 

27608 

27680 

W 

(0 6 OHO 3 0) or R-Branoh 




27694 

W 





27699 

W 

(0 1 OHO 0 0) 




27731 

w 

03-69 

1 

27742-2 

27742 

Str 

(0 4 OHO 3 0) 

01-68 

1 

27767-6 


w 

00-46 

1 

27766-3 


w 


3699-14 

1 

27776-6 

27776 

Str 

(0 4* OHO 2* 0) 

97-63 

1 

27789-0 



91-96 

1 

27832*1 

27831 

W 


89-86 

1 

27848-4 

27849 

w 


88-32 

1 

27860-3 

27860 

w 


87-32 

1 

27868-0 


w 

(0 3 OHO 0) 

86-62 

1 

27881*2 

27883 

Str 

(0 3» OHO 0) 

83-72 

1 

27896-9 



79-30 

1 

27930-6 

27933 

w 


74-81 

1 

27966-3 

27963 

w 


73-26 

1 

27977-7 

27978 

str 


72-00 

1 

27987-6 

27987 

Str 

(0 2 0)-(0 0 0) 

70-10 

1 

28002-6 


W 

69*16 

1 

28009-9 

28011 

w 

(0 6 OHO 2 0) 

68-0 

1 

28019 


w 

66-85 

1 

28028-0 




66-17 

1 

28041-2 

28041 

w 

(0 8* OHO 2« 0) 

69-96 

1 

28082-2 

28083 

Str 

66-26 

1 

28111*4 


w 


64-39 

1 

28126-2 


w 


62-29 

1 

28142-8 

28143 

w 

(0 40H0 1‘0) 

60*67 

3 

28156-7 

28156 

VStr 

(0 4»0H0 1‘0) 
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The band head* data obtained from Hilger Quartz Lithrow spectrograms are 
used in the vibrational analysis and the vibrational frequencies derive a are given 
below, . 


Upper 


Lower 


state. 


state. 


(0 0 0) 0 

(0 0> 0) 9 

(0 0 0) 

0 

(0 1 0) 294 

(0 0* 0) 30 

(0 10) 

398 

(0 2 0) 684 

(0 20 0) 

801 

(0 3 0) 808 


(0 2* 0) 

796 

(0 4 0) 1141 


(0 3 0) 

1198 

(0 6 0) 1409 
(0 6 0) 1678 


(0 4 0) 

160C 


The author is grateful to Prof. K. R. Rao for his interest in the work and 
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Abstract. 

Tlie near ultraviolet absorption bands of CSg in the region 3800A-3660A are examined in the 
light of Mulliken*s 8€3loc*tion rules for electronic transition between a bent upper state 

and a linear low'er state. Five Progressions of bands each consisting of about 6 to 8 bands and 
involving intervals of 294 to 270 cm.'-l are attributed to the vibration. Some of these 
progressions which were observ^ed in part by the earlier investigators are considerably extended 
and systematised. The (0 0 0)'-{0 0 0)^ transition is located at y 27404 in the 3660A region. 

Retaining Liebermann’s inteipretation of two of these progressions, the various progressions, 
separated from the (0 v ())'-(0 0 0)^by 388, 800, 770 and 1200 cm,-t, are (represented as (0 0)'~ 

(0 D 0)^; (0 u® 0)^; (0 v* 0)'~(0 2* 0)^ and (0 v 0)'-(0 3 0^; the last one however is 

forbidden by these selection rules (the lOp numerals on the central quantum munbers indicate 
the gyrovibi'onic quantum number K in the bent upper state and the azimuthal quantum 
number I in the linear lower state). 

Expressing the gyrovibronic energy as CK (jFC-f 1), the constant C could be assigned an 
approximate value of 6 cm,-l 
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Inteoduction, 

The study on the inshore fish population of the Malabar Coast was undertaken 
with a view to ascertaining the species of fishes occurring in the coastal waters, their 
relative intra- and inter-specific fluctuations at different times of the year, their 
sizes, sex proportions, maturity, life histories and their behaviour in relation 
to the biological and physico-chemical environment. It is intended to form an 
introduction to the detailed investigations on the biology and bionomics of 
individual species of food fishes of this coast. In this communication data colleoted 
by an analysis of weekly fish collections made for a year from April, 1949 to March, 
1960 in the inshore area of the sea near West Hill along the Malabar Coast, together 
with a few tentative observations on them are presented. Not until the ^ta on 
fish populations over a longer i)eriod are collected will it be possible to discuss in 
detail the various problems connected with this study and to draw such correlations 
as may exist between the behaviour of the fish stocks and the environmental factors. 

Study of the fish populations on the lines mentioned above is a new aspect of 
fishery biology, in which the work of Warfel and Merriman (1944 and 1948) on the 
analysis of fish populations in the American waters deserves special mention. The 
methods and problems have been clearly stated by these authors, whose contri- 
butions form a good basis for further work and they have also been di^cus8ed in 
detail in the nine papers on ‘A Symposium on Fish Populations’ pubUslied in the 
Bulletin of the Bingham Oceanographic Collection (1948) and by Kesteven (1960). 
Day (1866), in his classical work on the ‘Fishes of Malabar’, has given a systematic 
account of the different species of this area. Chidambaram and Venkataraman 
(1946) and Devanesan and Chidambaram (1948) have given some facts relating to 
the natural history and economic aspects of some of the fishes of this coast. Hi a 
recent paper Kow (1960) has given some valuable information on the inshore 
fisheries of Singapore Straits. 


• 1 Published with the permission of the Chief Research Officer, Central Marine Fidieriee 

^Research Station, Maiidiq[>am Camp, S. India. 
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Material and Methods. 

For fish collections utilised in this study, two of the most common types of 
nets of this coast, namely, the boat seine (Paithuvala) and the gill net {CJiala veUa) 
were used. The fishing operation with each net was carried out once a week 
between 6 a.m. and 9 a.m. ; the actual time taken for fishing was one-and-a-half 
hours. The composite catch for each net was brought to the laboratory for 
analysis. J The reason for using two nets for sampling the population i'j given 
on page 642. The boat used for fishing was the rowing dug-r*jt canoe 30 feet 
long, 3 feet wide and 2| feet deep, which is the most common boat used for 
commercial fishing operations along this coast. Four departmental fieldmen, who are 
expert fishermen, were engaged in fishing. Two canoes were used while operating 
the boat seine. In order to understand the significance of the use of two different 
types of nets it would be necessary to give a brief description of the nets used. 

The boat seine {Paithuvala) is a flat conical cotton net, 25 feet long, the hinder 
portion of which is a wide-mouthed bag. The bag portion of the net is 12 feet long 
and tapers backwards to the cod end and widens anteriorly where it opens by a 
wide mouth. The mesh at the anterior portion of the bag is bar and at the cod 
end it is bar. The floor of the bag extends forwards into a wide platform 13 feet 
long and 40 feet wide at the anterior margin. The mesh of the platform portion is 
bar. When the net is operated the sides of this platform are lifted up which 
drive the fish into the bag. To the front margin of the net is attached wide meshed 
coir netting as two tapering wings each 24 feet long. To the tapering anterior 
ends of these are fastened long ropes with which the net is dragged from the two 
boats. When the net is shot the mouth of the bag is opened by floats fastened to 
the head rope. On the foot rope of the coir wings are tied weights to sink the net. 
The net can be operated at any depth by adjusting the floats and weights. 

To begin with the two boats are brought close to each other and half the net is 
taken in each boat. Then the boats are rowed and as they diverge from each other 
the net is shot from both the boats and when the end of the warp is reached, it is 
tied to one of the cross planks of the boat and the crew row the boats fast dragging 
the net at the required level. The net is hauled by drawing the warps. By the 
time the cod end of the net is drawn the two boats would have come close to each 
other. The fish caught are then transferred to the boat. The net is shot and 
hauled again in the same manner. Nets of more or less the same design but of 
bigger dimensions are used in commercial fishing along the coast. 

The gill net used is locally called Mathi chala vala. It is a flat rectangular 
cotton net 60 feet long and 15 feet broad with mesh size !•'' bar. Seven such pieces 
are laced together end to end. It is a floating net ; floats are provided on the head 
rope and light wei^ts on the foot rope at regular intervals and the net is shot in 
straight Line. After the scheduled time the net is hauled and the gilled fishes 
removed from the net. 

The weekly collections of fish brought to the laboratory were analysed for 
species, total weight, weight of individual species, their sizes, and sex proportions, 
wherever possible. The post-larvae which were obtained in large numbers during 
certain months were also studied in detail by another team. Each day a few 
specimens were examined in detail for stomach contents, gonad condition, etc.. 
Total measurement of fish from fhe tip of the snout or the lower jaw whichever is 
longer to the end of the caudal fin, where the longer fluke is brought in alignment 
with the long axis of the body if the caudal fin is forked, was taken and recorded in 
millimetres. The other forms such as prawns, crabs, cuttle-fishes, SquiUa and 
jelly fishes collected in the fishing nets and which along with the fishes form the 
biota of the inshore area were also analysed and recorded. The ^ta for each ^y 


1 Analyses of individual fish hauls have been carried out in subsequent yean. 
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yrexe tabulated and recorded together with details of conditions of the sea and 
weather and records of salinity and temperature. 

As a result of the discussion which followed the reading of this papSr at the 
IndO'Paciiio Fisheries Council Meeting held at Madras during February 1061, it 
was suggested that studies be made on the variability of the catches taken from 
various populations by certain methods and under specific conditions and that 
coefficients of variability be calculated in respect of certain factors as a means of 
selecting the most significant method for prolonged study. Based on thiw 
suggestion, a detailed programme of sampling the population with the method 
described in this paper was formulated and carried out during 1951-52. For 
purpose of taking the samples the inshore area was arbitrarily divided into 3 zones, 
namely 2, 4 and 6 fathom zones. In each zone 3 samples were taken at a time. 
The two nets, the boat seine and the gill net', were operated simultaneously for 16 
minutes at each station. The collections were made between 6 a.m. and 10 a.m. 
and the fishing effort was constant throughout the period of this study. The 18 
samples taken on each occasion were brought to the laboratory and analysed 
separately for total weight, species, weight and number of individual species, ^eir 
sizes, etc. 

The data collected so far in this study have shown that while there was some 
variability between the samples taken in the different zones in respect of species, 
their numbers and total weights, the successive hauls taken in one and the same 
zone tended to be almost similar to one another in all respects, variations between 
them being practically negligible. The variability between the replicate hauls 
taken in the same zone was not significant. This clearly indicates that the method 
of sampling the population used in this study can bo rolled upon to give satisfactory 
results in such studies. 

Locality. — ^The fish samples were taken in the inshore area between two and 
fom fathom lines near West Hill (Lat. 11® 17' N., Long. 76® 46' E.). The four 
fathom line is about two miles from the shore. This area is an open sea and is the 
eastern border of the Laccadive Sea. The coast line is straight. The sea is very 
calm except during June, July and August which is the period of South-West 
Monsoon. The sea bottom which is composed of soft clay is stirred up during the 
early part of the monsoon and settles down soon after. 

Analysis of fishes and other animals. 

61,700 specimens of fishes were collected during the year which belong to 14 
orders, 37 families, 57 genera and 85 species, a list of which is given in Appendix 1. 
Appendix 2 gives monthly totals of the number of each species caught by the two 
nets. Those species which were represented by less than 10 specimens for the 
whole year are collectively included in the column — Other species. 

A brief account of the important species which occurred commonly during the 
year is given below with special reference to their numbers, sizes and seasonal 
fi.uctuation8. 

Clxtfeidab. 

The most abundant clupeids occurring in the inshore area during the year were 
KowaJa coval, Opiathopterus tardoore, Sardinella fimbriata and PelUma ditchoa. 

Fig. 11 shows the variation in abundance of KowaUa coval, Sardinella fimiriata 
mid S. longieeps during different parts of the year. All these species taken 
as a whole appeared abundantly during October, November and December and to 
a smaller degree in April-May. KouxUa coval, popularly known as the white sardine 
was one of the most common species occurring in the inshore area. The peak of 


1 In figuiaa 1 to 8 specimens less than 8 in number have been omitted. 
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occurrence was during the months of October and November. Specimens., of size 
range 9-5 to 11‘5 eras, with a narrow modal size range of 10 to 10-6 cms. 



Fio, 1. Variation in abundance of Kcnoala covcU, Sardinelln finibriata and Sardinella 

longicepa. 


Avere obtained. Sardinella fimbriata occurred in April and May and again from 
September to December and was conspicuously absent during June, Jtily and 
August with an exception of 3 specimens obtained in the third week of June. 
During the months of January, February and March, 1950 also, its catches were 
poor. Though it occupies third rank in the total abundance of all species, the high 
numerical value of this species is not due to its relative abundance but its chance 
occurrence of 5,086 specimens obtained on 13th October, 1949. Specimens of 
size range 9*4 to IT-l cms. with a modal size range of 12-6 to 14 cms. were obtained 
in the gill net. The catches of this species in the boat seine were negligible. 
Sardimlla longiceps, the oil sardine, commercially a very important fish of 
this coast, was scarce in the inshore catches. As this fish occurs in shoals the few 
specimens caught at irregular intervals may be regarded as stragglers into the 
inshore area. The fisheiy of the oil sardine beyond the region of the sampling area 
was fairly good during the year as was observed from the commercial catches. 
Specimens of size range 11 to 19 cms. with a modal size range of 13 to 16‘6 cms. 
were obtained in the gill net. Sardinella alhzlla was insignificant in the collections. 
Specimens of size range 12-17 cms. with a modal size range of 14 to 16 cms. were 
obtained. 
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_ Fif. 2 indicates the variation in abundance of a few more clupeids, 
Opisthopterus tardoore, Dvssumieria hasselti, and Pellona ditcJvoa. Of these the 



H OPISTHOPTERUS TARDOORE 
Q DU5SUMIERIA HASSELTI 
@ PELLONA DITCHOA 



Fig. 2. Variation in abundance of Opi^thopterua tardoore, Duaautnieria haeaelti and 

PeUona ditchoa. 


most conspicuous species was Opisthopterus tardoore. This species occurred in fair 
abundance from April to July, 1949 and again to a smaller degree from January 
to March, 1950. The modal size of this species in the boat seine catches 
showed considerable fluctuation. The size range of the specimens caught in the 
gill net was 8 to 20 cms. and their modal size ranged from 10 to 13 cms. Pellona 
ditchoa occurred in good numbers during June and July. They were scarce in t|he 
gill net collections. Specimens of size range 5 to 7*5 cms., excluding the post- 
larvae, were frequently obtained in the boat seine. Anodontostoma chaeunda 
was insignificant in the collections. It occurred in small numbers from April 
to September, 1949 and again in March, 1950. Dusmmieria hasseUi which occurs 
in considerable numbers during certain years was represented by very few i^oimens 
during the year under consideration. 


EnaBATnADAB. 

This family was represented by five species of Thrieeodes and four species of 
Anchoviella, 

• Fig. 3 shows the relative abundance of three species of Thriesocka, 
.7. mystax, T. rnodabmrUm, and T, purava. Of these the most dominuit species 
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was T. mystax which was numerically 88*9 per cent of these anchovieii. This 
species had two periods of dominance, one from April to Augost, 1949 when they 
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Fio. 3. Variation in abundance of Thriaaodea myaltm, T. nudabarioua and T. purooa. 

were caught mostly in the boat seine with smaller modal size range 5 to 9*5 cms. 
excluding the post-larvae and the other from November, 1949 to March, 1960. 
During the latter period the fishery u^as both abundant and steady. Mostly large 
sized specimens with a modal size range 13-5 to ld'6 cms. were cau^t in the gill net. 
The catches in the boat seine during this period were insignificant. T. maUibaricua 
was caught in limited numbers and followed the same pattern of occurrence as T. 
myskue. The other three species were insignificant. Only 4 specimens of T. 
duasumieri were caught during the year. 

Kg. 4 represents variation in the occurrence of three species of Anckoviella 
popularly known as whitebaits. The species A. tri and A. heierolobus constitute 
a rich finery along the Malabar coast during the rainy months from June to October 
when generally the other major fisheries are poor. A. tri was one of the abundant 
and common fish contributing considerably to the richness of the inshore fishery. 
It was present all through the yeaj except in March but the peak of abundance 
was from June to September. The abundant but discontinuous catches 
particularly during the peak season indicate the behaviour pattern of this species 
namely the sudden incursion and the equally abrupt excursion of the shoals into and 
from the inshore area. The mean size ranged from 6*7 to 8-3 cms. excluding tho 
X>ost-larvae and the catches were mostly confined to the boat seine. The fishery of^ 
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A. heterciobus was less important compared 'with that of A. tri. It occorred in 
October, 1949 and again from December, 1949 to February, 1960. Its hif^ numeri- 



Fia. 4. Variation in abundance of A»chovieUa tri, A. eommemonii and A. hcterolobus. 


cal rank -was only due to a hea’vy catch of 9,420 specimens during the last week of 
October. Specimens of size range 6-2 to lO-l cms. excluding the post-larvae •with 
a modal size range 7 to 8-5 cms. were obtained. A. commersonii was caught 
in limited numbers during November-December. Only 6 specimens of A. itidica 
were caught during the first week of September. 

LAOTABinAB. 

Lactarins lactarivs popularly known as big-jawed jumper occurred inter- 
mittently throughout the year in small numbers. It was dominant in the catches 
during June and July (Fig. 6). The size range of the specimens in the gill net was 
8-6 to 18 cms. with a modal size range of 11 to 14 cms. whereas the size range of 
those caught in the boat seine was 6 to 12 cms. excluding the post-larvae 'with a 
modal size range 6 to 9*6 cms. Except that it occurs in small numbers along -with 
other species of fish Lactarius lactarius does not form a fishery as such along the 
Idalabar Coast. But further south along the west coast in Travancore this species 
contributes to a rich fishery •with larger sized fish. 


Cabanqidae 

Eight species of this family were recorded during the year of which two 
species-^oroTta; kaUa and C. djedaba occurred at frequent intervals. 

The variation in abundance of C. kaUa and C. djedaba is sho'wn in fig. 6. 
Garanx kalia occurred from April - to July and again from the end of September, 
1949 to March, 1950. The size of the* specimens ranged from 8 to 13 cms. 'with a 
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modal range of 9 to 1 1 cms. They were caught mostly in the gill net. C. djedaba 
was a minor fish in the inshore area and occurred in April and May, 1949 and from 



Fig. 5. Variation in abundance of Caranx kaUa, C, djedaba and Lactaritts lactarias, 

November, 1949 to March, 1950, with a size range 7 to 14'5 cms. and a modal size 
range 8 to 10 cms. 

LsiOaNATHIDAE 

This family was represented by six species of Leiognathus, L. spUndens, L. 
insidiator, L. blochi, L. rvconius, L. equulus and L. bindus, popularly known as 
silver bellies, and Oazza minuta and Qerres punctatus. Of these L. splendens, was 
the dominant si>coies, while fair numbers of L. insidiator, L. blochi and L. nusonitis 
were also obtained. All these species considered as a whole appeared abimdantly 
and more or less steadily from June to October, 1949 (Fig. 6). From the trend 
of the commercial fisheries at Calicut it was observed that the silver bellies formed 
a dominant fishery during the same period. The regression in abundance during the 
latter half of August is attributed to the occurrence of ‘red water’ in the area 
during the period. 

Leiognathus splendens ranked first among the silver bellies (Fig. 6). This 
species was seasonal in occurrence being abundant from the last week of June to 
the middle of September. The size ranged from 5 to 11*5 cms. excluding the post- 
larvae, with a modal size range 6*6 to 8 cms. L. insidiator occurred in fair numbers 
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daring September and October. L. blochi was also collected in fair numbers in 
June and again in September and October. Though the fishery of L. ruconius 
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Fio. 6. Variation in abundance of Leiognathus splendens^ L, insiduUor^ L. blochi and 

L, rticonius. 

Note. — ^The authors regret that L» Blochi is wrongly spelt in the figure. 


and L, bindtis have been noticed to be rich in certain years they occupied a low 
rank during the year under consideration. As is usual with the fishery of silver 
bellies it was poor during April -May and from November, 1949 to March, 1960. 


SciAENIDAB. 

Family Sciaenidae was represented by Pseudosciaena sina, Johnius bdengerif 
Otolithes ruber, 0, argenteus and doubtful species of Pseudosciaena. The pattern 
of occurrence of the members of this family is very different from that of other 
groups of fishes. The Sciaenids are particularly dominant from January to 
July when other fisheries are generally poor. They are very poorly represented 
from August to December. They were caught mostly in the boat seine. 

Pseudosciaena sina occurred in good numbers during April and May, 1949 and 
again in fairly large numbers in March, 1960. (Fig. 7). The trend of occurrence of 
Johnius belengeri was the same as that of P. sina. They were similar in sizes also. 
The size ranged from 6 to 17 cms. excluding the post-larvae. Otolithes ruber 
was dominant in the catches from April to August, 1949 and again in March, 1960. 
The size ranged from 6 to 21 cms. excluding the post-larvae. Except for two weeks, 
one in April and another in October, when 0, argeriteus was collected in fair num- 
bers this species was insignificant during the rest of the year. 
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B'^q. 7. Variation in abundance of Pseudoeciaena sina, Johniua belengeri and OtolUhea ruber. 
(Note. — T he authors regret that Paeudoaciaena aina and Johniua belengeri are wrongly spelt in 

the figure.) 


SOLBIDAB. 

Solea ovata indicated a very restricted occurrence. (Fig. 8.) It appeared in 
the catches in appreciable numbers in August and again in the second week of 
October. The size of the specimens ranged from 6 to 8-7 cms. 


Cynoolossiuab. 

This family was represented by Cynogloasus semifaaciatvs, C. dnbiua and C. 
pwncticep.^ of which ('. semifascicAus contributed to a rich fishery in the inshore area 
and appeared in large numbers while the other two species were practically 
insignifi cant in the catches. 

The variation in abundance of Cynoglosms semifascioitua is shown in fig. 8, 
This species, which is popularly known as the Malabar sole was the most persistent 
and abundant fish of the inshore area constituting 21 per cent of the total fish catch 
for the year. It was caught mostly in the boat seine. The Malabar sole appeared 
in fair numbers in April and early part of May after which its number dimiTiiabftH in 
the catches till October. October recorded very heavy catches of this fish at^l^ 
again there was a regression in its occurrence tiU January, 1960. From January 
to March the catches were abundant and steady. The pattern of its occurrence in 
the departmental catches was similar to that of the commercial fishery of the 
Malabar sole along this coast. From January to March there was practically a 
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[I OYHOOLOSSUS SBIlirASCUTDS 
j^SOLBA OVATA 



Variation in abn ndan oa of Oynoglotaua aemifaadatus and Solea ovata. 


^ntinuoua recruitment of juvenile forms of this species into the inshore fishery. 
The of specimens ranged from 6 to 16 oms. excluding the post-larvae with a 
modal size range of 7 to 11-6 cms. 


CABOHABHINIDAI!. 

lliree ^cies of this family were recorded of which Scoliodm sorrakouxth was 
piromment m the collections. 188 specimens of this fish were obtained at wide 
iSa in the collections continuously from Januaiy 

™ lumted numbers. Only juvenile specimens with size range 11 
to 30 cms. were generally oau^t in the inshore area. 

Abiidab. 

Two secies of t^ family Tachymrua duaaumieri and Oateogeneioaus mUUaria 
of which the Irtter wite more abundant durin^e year. A 

speo^ens vw obtamed mostly in the boat seine. The ^ ranges for 
^ ® **^08® fo' O. maUaria weregOTeialfy 
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Mugilidae 

Two species of Mugilidae, Mugil loiujimanns and M. speigleri were recorded, 
of which the latter was more abundant. The total number of mullets obtained in 
the catches was relatively poor. The sizes generally ranged from 13 to 16 cms. 

Polynemidae 

Three species of this family were present in the collections of which Polydactylus 
fiepiadactylvs was the most common. The fish was obtained frequently in the 
inshore collections the total number caught being 529. It showed a discontinuous 
distribution and was more abundant in the boat-seine hauls. The size ranges of 
the specimens were from 5 to 10-5 cms. in the boat seine samples excluding the 
post-larvae. 

Centropomidae 

This family was represented by a single species, viz. Ambassis gymvocephulns. 
It is a very common perch of this region and was present in 45 out of 52 weeks. 
This small fish, though unimportant as a food fish, richly supported the inshore 
fishery throughout the year. It was caught mostly in the boat seine. The modal 
size lluctuated from 5 to 7-5 cms. 


Trichiuridae 

This family was represented by Trichinrvs hmmela which is an important fish 
of tliis coast. It was present abundantly durbig September and October, 1949. 
Specimens of size range from 12 to 52 cms. were obtained in the collections. 


Scombridae 

This family was poorly represented in the catches. The mackerel, Ras- 
irelliger kanagiuia, which contributes to a rich fishery along this coast in 8 fathoms 
area and beyond was very poorly represented in the inshore collections. Only 
eight specimens w ere obtained for the entire year. 

Cybiidae 

This family was represented by two species, Scomberornorvs emnmerson and 
licomberomorus guttatus. They were scarce in the collections, the total number 
obtained being 31 and 44 respectively. They were all small sized, their maximum 
length not exceeding 28 cms. 

Prawns and Crabs, 

Table 1. 


The tmight of prawns in pounds and the number of crabs caught in the fishing nets during 

different months of the year. 


Months. 

1 

Apr. I 
1949 

May 

Juno 

July 

Aug. 

Sep. 

Oct. 

Nov. 

Dec. 

Jan. 

1950 

Feb. 

Mar. 

Prawns, wt. in 
pounds 

j 

21-2 

28-0 

2-2 

4-2 

7-0 

Nil 

•2 

•1 

•9 

37*1 

38-0 

61*7 

Crabs, Nos. 

171 

267 

2 

14 

H 

Nil 

3 

Nil 

6 

123 

112 

86 
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Prawns and crabs formed a considerable part of the catches especially in the 
boat-seine. Table 1 shows the wei^t of prawns in pounds and the total ntunber 
of crabs caught during the twelve months. Both prawns and crabs occurred 
abundantly for five months, April and May, 1949 and from January through March, 
1950. During the other seven months they were practically absent except for stray 
specimens. The species of prawns caught were Parapenaeopsis stylifera, Metapen- 
aeus dobsoni, M. affinis and Penaeus indicvs in the order of abundance. It may be 
mentioned here that good quantities of a small shrimp, Acetes diapar, which forms a 
favourite food of several 8i)ecies of fishes in the inshore area, were caught in the 
boat seine during the Jiot months, March, April and May. When this shrimp is 
cau^t in large quantities it is utilised as food by the people of this coast. 

The species of crabs obtained in the collections were Neptunvs sanguinolentus, 
N. pelagicus and Charybdis natator. Of these N. sanguinolentus was the most 
abundant species. 

Animals which have no econormic value. 

Table 2. 

The number of other animals caught in the fishing net during the different months of the 

year. 


Months. 

Soa 

anemone. 

SquiUa, 

Cavemu- 

laria. 

Sepia. 

Loligo. 

Jelly fish. 

Cteno- 

phore. 

Apr., 1949 

242 

66 

81 

33 

3 



May „ .. 

. , 

41 

36 

20 

2 

26 


June ,, . . 



, , 



, , 


July „ .. 



4 


38 

1 


Aug. „ . . 



. . 


6 



Sept. „ .. 



. . 


8 



Oct 



, , 


, , 



Nov. „ .. 



4 


• • 



Dec 


, . 

, . 


• • ' 


Plenty. 

Jan., 1960 

i 

9 

16 


5 i 

*3 

Plenty. 

Feb 

1 

19 

317 


7 ' 

3 

, , 

Mar. „ .. 


67 

69 

4i 

12 

• ■ 

• • 


Other animals such as the sea anemone, Squilla, Cavemularia, Sepia, Loligo ^ 
and a Ctenophore (Pleurobrachia sp.) cauj^t in the fishing net have no economic 
value. They were mostly caught in the boat seine and occurred in fair numbers, 
as shown in Table 2 during the months, April and May of 1949 and January, February 
and March of 1950. Except for Loligo, they are practically absent during the other 
months. The occurrence of large numbers of sea anemones in the ii^ore area 
duri^ April, 1949 is interesting. They must have been uprooted from their 
habitat elsewhere and come to the inshore area along the currents. During 
December and January a large number of ctenophores were caught in the boat 
seine. These elements seem to dominate in the inshore area during the months 
when prawns and crabs ore cau^t abundantly. The only two uneconomical fish 
caught occasionally were the species of Triacanthus and Tetraodon. 

Post-larvae and immature fishes. 

Post-larvae of several species of fishes occurred in the boat seine collections 
in considerable nuxabers during April, Iday, June and December of 1949 and 


1 LoUgo which is utilised elsewfaere, is not generally used «s food along the Malabar Coast. 
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January, February and March, 195U and the peak month of their oocnrrenoe was 
March. Those caught in appreciable numbers were the post-larvae of Kotoala 
coml, Pellona dilch^, Opiathopterus tardoore, AnchovieUa tri, Thrissoeles mysiax, 
Polynemria spp., Ambasais gymnocephalua, LacUuriua ladtmua, Pomadasya haata, 
Chorinemua tala, LewgruUkva blochi, L. ineidiator, L. rueonius, L. aplendena, Paeudth 
aeiaena aina, Johniua bdengeri, OtolUhea ruber, Cynogloaaua aemifaaciaiua and 8(Aea 
ovata. There was considerable variation in the ntimbers of the post-larvae of these 
iishes and the period over which Ihey occiured in the inshore area. Amongst the 
forms mentioned above, Opiathopterua tardoore, Thriaaoclea myatax, Leiognathua 
aplendena and Ambaaaia gymnocephalua appeared in abundance during the peak 
season. Some species like Megalopa cyprinoidea, Mene maculata, 8catophagua 
argua, Epihippua orbia, Epinopholua diacanthva, Lutjanua argentimaculatua and 
Lutjanva marginalua, were caught only in the post-larval stage and the later stages 
of ^ese species did not occur in the inshore area. It is signiiicant that the post- 
larval stages of the mackerel, Raatrelliger kanagurta and the oil sardine, SardineUa 
longicepa, the two commercially important fishes of this coast, were completely 
absent in the departmental catches. 

Species like Scoliodon aorrakowah, S. palaaorrah, 8. loalbeehmi, 8(xnnberomorua 
giitlatua, Tachyaurua duaaumieri, Chorinemua tala and Paraatromaleua niger which 
form rich fisheries beyond the 6 fathom area along this coast, occurred in the inshore 
region only in their juvenile stages. 


Some A3pk(jt8 of Physical anu Biolooioal Envibonmbnt. 

Phyaical environment. 

Pig. 9 shows the monthly average salinity and temperature readings for the 
year. The range in salinity was from 26-4®/o(, to 36-l®/oo. During the summer 
months of April and May the salinity reading was high. There was a sharp fall in 
salinity with the commencement of the South-West monsoon in June. From July 
to October it indicated an upward trend after which it was more or less steady till 
the end of the period ranging from 33-35®/(,o to 36-66®/oo. 

During April and May the average water temperature was 30-02®C. There 
was a loweiing of the temperature after the commencement of the monsoon and 
it continued to be low during July, August and September with an average of 
26‘49®C. The temperatui-e rose up to 28-87®0. in November and there was again a 
slight fall in December and January after which there was an upward trend show- 
ing a reading of 28-66®C. in February and 30’20“C. in March. 

There seems to be a definite relationship between the salinity values and the 
extent of fish catches. During June, July and August salinity not only showed a 
lower value but fluctuated considerably from week to week. During this period the 
fish catches were also poor. The fish catches improved considerably in the months 
of September and October when it is seen that there is a rise in the salinity reading. 
With the steadiness in hij^ier salinity value from the middle of November there is 
a correspondingly uniform good fish catches. 

There does not seem to be any perceptible relationship between the tem- 
perature reading and the fish catches. Perhaps when data on these are available 
for a few years it may be possible to find out if temperature has any relation to the 
behaviour of the fish populations. Both salinity and temperature readings do not 
give any indication as to why there was lesser number of q[>ecies of fishes during the 
months of October, November and December (vide Table 3). 

Rainfall. — ^1%e total rainfall at Calicut for the different months is Aown 
in fig. 9. The heavy rainfall along the West Coast is one of the factors which 
affect the physico-chemical condition of the coastal waters, ^e total rainfall at 
Calicut during the year under consideration was 129*19 inches and it was spread 
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over 33 we^. Unusually there were a few good rains during April, 1949. 13ie 
heaviest rainfall in the year was during the months of May, June and July. 



Flo. 9. Average monthly \rater temperature and salinity and monthly total rainihU. 


Turbidity and light conditions . — ^From the records maintained on the weather 
condition such as the sky being cloudy, foggy, clear, etc., there does not seem to be 
any relationship between variations in these factors and the fish catches. The 
water was slightly turbid, turbid or very turbid during 37 weeks and it was clear 
or very clear on 14 weeks of the year. For two weeks in June at the period of 
commencement of the South-West monsoon the bottom clay had been stirred up 
resulting in the extreme turbidity of water, almost to the extent of forming a slush, 
when, the fish catches were very low. The condition of water from November to 
l^rch was either slij^tly turbid or turbid and the fish catches during these months 
were uniformly good. The fish catches were normally low on days when the water 
was clear. 

Currents . — ^It has not been possible to correlate the fish catches with the currents 
as there is no precise toowledge of sea currents along this coast. The natoe 
of the tidal currents has, however, been noted for different dates. The rising tidM 
current is rou{^y from north to south and the falling tidal current is from South 
to North. The rising tides have generally shown a tenden <7 towards hi^^ier catches 
^hen other adverse factors have not intervened. 


XI 
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Biological environment. 

The quantity of edible plankton available in the inshore waters was moderate 
during April and May thou^ appreciably better in the latter month. There was 
a marked decline in the Kooplai^ton during the monsoon months. From the end 
of July to the end of December edible planktonic elements such as copepods, 
cladocerans, larval and adult pelagic polychaetes and larval bivalves occurred in 
largo numbers except during about three weeks in August when there was a swarm 
of Noctilvea. From January to April the plankton was dominated by non-food 
elements such as medusae, chaetognaths and combjellies. 

During the monsoon months the inshore sea bottom was practically devoid 
of animals, only occasional members of a few forms such as Cavemularia sp., Lucina 
vesicula, The.ora opalitia and a nemertine species occurring now and then. From 
September onward there was a rapid colonisation of the mud bottom, chiefly by 
polychaetes and a phoronid species. The dominant member among these was 
Prionospio pinnata a polychaete of very h'gh fish-food value. By November the 
bottom fauna had grown Very rich and continued to be rich till April though there 
was a gradual decline in numbers. 

While the fishery was poor during the monsoon months it recovered 
considerably from September onwards. The poverty of the monsoon fishery is 
correlated among other factors with the absence of fish food in the area. During 
the time of recovery of the fishery there was rich planktonic food available and the 
bottom fauna was also developmg. During August and September, however, 
there was a depression in the fishery for some weeks and this was correlated with 
the abundance of Nocliluca and on some occasions with large swarms of Nitzschia 
sigma and a species of Chloromonadineae. Again there were good catches of fishes 
during October and November and the plankton food w'as also rich during this 
period. Recovery of the demersal fish Cynoglossus semifasciatvs occurred from 
January onwards and this change could be correlated with the growth of 
polychaete and other soft bodied bottom animals in the area during that period. 


Genbkal Obsebvations. 

A few general observations made during the course of this investigation are 
given below. Any conclusion drawn from these is tentative and will have to be 
confirmed by further study on the subject. 

trampling method . — Considerable difficulty was experienced in devising a 
suitable method for sampling the fish population for this study. If the population 
study was confined to a single species of fish it would have been comparatively easy 
to devise a sampling method as a gear best suited for the particular species could 
have been used. But to sample all the species in the area with varied sizes and habits 
was found to be very difficult. Different types of nets used along this coast were 
experimented in this connection and it was observed that each type of net proved 
to be selective both in respect of species of fishes and also the different sizes of one 
and the same species of fish. After a number of experimental iirials, two nets, a 
boat seine and a gill net, were selected for taking out the fishes. While each of 
these nets was observed to be selective in certain respects, each proved to be com- 
plementary to the other; and the collections made by these nets together provided 
to be a reliable approximation of the condition of the population in the sea. Every 
precaution was taken to avoid any working error in the operation of the nets. ®be 
boat seine collected mostly the small sized species, bottom species, species with 
sluggish habit, smaller sizes and post-larval stages of shoaling species, prawns ftud 
others while the gill net caught mostly the large sized shoaling fishes. 

To illustrate the selective nature of the two nets, the total number of ten species 
of fishes cau^t during the year with the two nets is given below. 

IIB 
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No. 

Species. 

Number caught 
in 

Gill net. 

Number caught 
in 

Boat seine. 

1 

SardineUa fimbricOa 

S,6S3 

45 

2 

8, Umgioeps . . 

268 

9 

3 

Kotuala eoval . . 

1,760 

53 

4 

Oaranx kaUa . . 

009 

15 

5 

LetogtuUhua blochi 

325 

20 

6 

AruihavieUa heterplobua 

6 

9,616 

7 

A.tri . . 

16 

5,068 

8 

Cynogloaaua aemifaaciatua 

700 

10,132 

9 

Ambaaaia gymnocephalm . . 

156 

1,334 

10 

Polydactylua heptadactylua 

38 

491 


The first five species were caught mostly in the gill net while the last five mostly 
in the boat seine. It is obvious from this that the use of only one net would have 
given an erroneous picture of the population in the sea. 

Further, the size composition of the same species differs in the two nets as could 
be seen from below : 


Period. 

Species. 

Gill net catch. 

Boat seine catch. 



No. of 
speci- 
mens. 

Size 

range. 

Mean size. 

No. of 
speci- 
mens. 

Size 

range. 

Mean size. 

Fourth week of 
June, 1949 . . 

Lactariua 

lactariua. 

89 

86-183 

mm. 

126-43 f 23 
mm. 

251 

54-105 
mm. I 

75>66t*6« 

mm. 

Second week of 
March, 1950 

Thriaaoclea 

myatax. 

73 

64-185 

mm. 

162.38±-10 

mm. 

25 

51-70 

mm. 

66*66i:>12 

mm. 


From the above it is clear that at the same period different sizes of the same 
species were caught in the two nets. This was generally true of several other 
species also. Mean size and standard deviation calculated for any species would 
therefore be applicable only to the fish caught in any particular net and not to its 
population in the sea. It is for this reason that a detailed discussion on the size 
frequency factor of the varioiis species of fishes has not been attempted in this 
paper. 

Major groups . — ^The fishes collected in the inshore area can broadly be grouped 
into Clupeoids, Pleuronectids, Leiognathids, Sciaenids and Carangids which 
together formed 91 ’6 per cent and the miscellaneous fishes consisting of other 
species constituted 8*4 per cent of the total number of fish caught. l%e number 
of fish included under each group and its percentage in the total number are given 
below : 


Total number. 


Percentage in 
total number. 


Clupeoids 

Pleuronectids 

Leiognathids . . 

Sciaenids 

Carangids 

MisoeUaneous 


29,142 

56-4 

12,093 

23-4 

2,116 

41 

2,038 

3-9 

1,955 

3-8 

4,356 

8-4 
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The number of weeks during which the different groups occupied the first ranks 
were — Clupeoids 32, Pleuronectids 10, Miscellaneous species 4, Leiognathids 3, 
Carangids 2 and Sciaenids 1. 

Number of species. — ^There was a good variety of species occurring in the 
inshore area throughout the year. Altogether 86 species of fish were cau^^t during 
the year. 

TABI.E 3. 

Showing the number of epeeiee of fishes caught during the 52 weeks and the Male for the 

12 months. 


Months. 

Apr. 

1949 

May 

June 

July 

Aug. 

Sep. 

Oct. 

Nov. 

■ 

Jen. 

1950 

Feb. 

Mar. 

1 

week 

29 

29 

24 

21 

27 

15 

22 

4 

18 

26 

32 

27 

II 


21 

27 

11 

16 

17 

24 

12 

19 

20 

22 

33 

30 

III 


26 

28 

32 

30 

8 

21 

16 

18 

23 

23 

30 

27 

IV 

»» • • 

23 

26 

37 

28 

16 

26 

11 

16 

23 

22 

26 

26 

V 

»» 


20 

•• 


16 


•• 

22 

•• 

35 




Total for the 














month . . 

46 

48 

45 

44 

44 

42 

33 

34 

32 

49 

47 

44 


Table 3 shows the number of species of fish caught during different weeks of 
the year and also over different months. The lowest number of species 
caught was 4 in the first week of November and the highest number was 
37 in the fourth week of June. From the monthly totals of number of species it is 
seen that there was a fair uniformity of variety of species over major part of the 
year. The number of species per month ranged from 42 to 49 except during 
October, November and December when it was 33, 34 and 32 respectively. The 
lower number of species during these months appears to be due to the very poor 
catches in the boat seine which usually collects a large variety of species and also 
to the saturation of the inshore area during the period with a few shoaling fishes 
in exceptional numbers to the exclusion of other species. 

Abundance. — In reckoning the abundance of a species of fish Warfel and 
Merriman (1944) have made a distinction between its relative and total abundance. 
Relative abimdance of a species is determined by its frequency of occurrence in 
good numbers. From the fishery point of view a sustained yield of a species in a 
fishery is more important than its exceptional abundance if the latter is due to an 
erratic appearance for a short duration. The high rank obtained by SardineUa 
fimbruUa and AnchovieUa keterolobus during the year was due to their appearance 
in very large numbers (5,086 and 9,416 respectively) just once for each species. 

The species which occupied a high rank in respect of relative abundance during 
the year were Cynoglossuu semifasciatus, AnchovieUa tri, Opisihopterus tardoore, 
Kowala coval, Ambassis gymnocephalus, Thrissocles mystax, Caranx kalla, Leiog- 
ncUhus splendens and prawns and crabs. The relative abundance of various species 
of fishes can be seen in figures from 1 to 8 and also in Appendix 2. 

Distribution. — ^The only i)ermanent resident of the inshore area was Ambassis 
gymnocephalus which was caught practically throughout the year. Further this 
was the only species which was observed to spawn in the indiore area. All other 
species were migrants to this area and the period of their stay differed for different 
species. Cynoghssus semifasciatus and Thrissocles mystax indicated prolonged 
stay for nearly 6 to 8 months. Species of Anchoviella, SardineUa and Leiognaihus 
were just transient residents in the area with abrupt incursions into and excursions 
from this area. The only demersal fish of the area was Cynoglossus semifasciatus 
and most of the other fish may be regarded as ‘pelagic* species moving about in 
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schools or sometimes in large shoals. Individuals of shoals of species of AticAo- 
vietta, Sardinella, ThrmocUs, ^iognathva and others after entry into the .inshore 
area were sometimes observed to get scattered. From the trend of occuitenoe of 
the species and their numbers from week to week it was observed that the inshore 
fishery was characterised by a constantly shifting x>opulation. The recruitment 
of the post-larvae and juvenile stages of several species of fishes into the inshore 
area from January to May was considerable. The inshore area during this period 
formed a ‘nursery’ for the young fish. 

From an examination of the gonad conditions of the various species during 
different seasons of the year it is observed that while most of the q>ecies occurring 
in this area attain maturity in this biotope, they migrate just before spawning 
perhaps to the offshore area. Fishes with gonads beyond maturity stage IV have 
rarely been met with except in the case of Cynoglossva aemifaaciatva in which stages 
V and VII have also been observed. This is corroborated by comparative scarcity 
of fi^ eggs in this area. 

Seasonal Flvctvations. — ^There was considerable fluctuation in the extent and 
the nature of the inshore fishery during different periods of the year. 

Fig. 10 indicates monthly fluctuations in the total weight of fish catches in the 
two nets, the boat seine and the gill net. It shows two regressions in the fishery, 
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one in the month of June and another in Augast-September. The poor catch in 
.fune was due to the extreme turbidity of water caused by the stirring up of the 
bottom mud at the commencement of the South-West monsoon bringing about a 
physical intolerance to the fishes in the area and the comparatively low catches in 
August-September w^as attributed to the occurrence of ‘red water’ caused by the 
abundance of Nodtilnca and also the blooming of certain phytoplankton forms like 
Sitzschia sigma var. indica, Oscillaioria erythraea, 0. thebauti and a species of Chloro- 
monadinae in the area. The low catches in the boat seine in November and December 
were due to the absence in the area during the period of species of fish, prawns and 
crabs caught in that net. The fishery was uniformly good in April and May of 1949 
and again from January to March, 1950. Fishes were caught throughout the year 
although there was fluctuation in their numbers from week to week. In temperate 
countries, on the other hand, the fish population is practically absent in the fore- 
shore area during the winter months, from December to February, when the water 
temperature goes down to sub-zero level (Warfel and Mcrriman, 1944). 

It has been observed that the majority of fishes have fairly well-marked seasons 
of occurrence. The seasons of occurrence of various species and the succession of 
their fisheries in the inshore area during the year followed, more or less, the same 
trend as in other years. 

Nahfre of tM Inshore Fishery. — ^As a result of this study it has been possible 
to assess, to some extent, the fishery value of the inshore area. The principal 
species contributing to the bulk of the inshore fishery are the Malabar sole, the 
Whitebait, Silver bellies, Anchovies, the white sardine and prawns and crabs. All 
the other species constitute the miscellaneous fishery in this area. It is significant 
that the most important commercial species of this coast, the mackerel, Rastrelliger 
kanagvrta and the oil sardine, SardinelJa longicejjs did not occur in the p-rea studied 
except as stragglers. Thick shoals of these appeared in the commercial fishing 
grounds beyond the 6 fathom line. Large populations of these two species are 
well known to come close to the coast in the northern portion of South Kanara 
and North Kanara districts. Similarly certain other species like Tachysunts 
dussumieri, ParaMromatevs niger, Caranx Icnrra and Scomberomorvs gvtiatvs which 
form the bulk of the commercial catches during certain seasons did not occur in 
the inshore waters except in immature sizes. 

At present the inshore fishery is not being sufficiently exploited as the fishermen 
generally prefer to fish in the 8 to 10 fathom area for mackerels, sardines and other 
species. It is only when these more lucrative fisheries are not being operated or 
wdien there are occasional thick concentrations of sole, silver bellies, whitebait or 
prawns close to the shore, that they fish in the inshore area. There is, however, 
a good scope for a more intensive exploitation of the inshore fishery. 

SUMMABY. 

The study on the fish populations of the Malabar Coast is based on the analyses of the 
weekly fish catches taken in the inshore area near Calicut for a year from April, 1949 to March , 
1950. The method used for sampling the fish populations is described. A brief accout is 
given of the main groups of fishes occurring in the area, indicating the species, theirsize ranges 
and seasonal fluctuations and also of the prawns and crabs caught in the fishing nets. There is 
a chapter on the physical and biological environment in the inshore area and their probable 
relation to the fluctuations in the fisheries. 

Eighty -five species of fishes were recorded during the year. The major species supporting 
the inshore fisheiy were Thrissocles mystax, Anchovidla tri. A, heterolobuSy KowaUi eoval, Sardi- 
nella ftmbrieda, Opisthopterus tardoore^ PeUona dkehoa, Polydactylus heptadactyVua^ Ambassis 
gymnoGephalua^ Caranx kaUa, 8x>ecie8 of Leiognathua, Otolithea ruber, Paeudaaeictena aina, Johniu 
bdengeri, Cynoglaaaua aemifaaeiatua, and also to some extent the smaller sizes of Scoliodoaa 
aorrakowedh, Ttidhyaurua duaaumieri, Lactariua lactariua, Trichiurua haumela, and Scomberomnoru 
guuatua, 

Remairks are offered in the x^^per on the sampling method, distribution and abundance 
of various species of fishes and the nature of the inshore fishery. 
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Affbnpxx 1. 

*List of Fishes obtained in the departmental collections in the inshore area off West HiU, 


Order TORPEDINIFORMES 
Family Torpedinidae 
Narhe dipterygia (Schn.) 


Class BLASMOBRANCHII 
Sub-Class SELACHII 
Order LAMNIFORMES 
Sub-Order LAMNOLDEI 
Family Orectolobidae 

ChiloscyUium griseum Mull. Sc 
Henle. 

Sub-Order SCYLIORHINOIDEI 
Family Carcharhinidae 
Scoliodon sorrakowah (Cuvier) 
Scoliodon palaaorrah (Cuvier) 
Scoliodon undbeehmi Bleeker 
Family Sphymidae 
Sphyma blochii (Cuvier) 

Order RAJIFORMES 
Family Trygonidae 
DasyaHs {PasHnachua) aephen 
(Forsk.) 


Class TELEOSTOMI 
Sub-Class ACTINOPTERYGII 

Order CLUPEIFORMBS 
Sub-Order CLUPEOtDEI 
Family Clupeidae 
Duaaumieria hasseUi Bleeker 
SardineUa dJbella (C, Sc V.) 
Sardinella Jimbriata (C. Sk V.) 
Sardinella longiceps C. Sc V. 
HUsa kanoffurta (Bleeker) 
Kotoala coval (C.) 

PeUona ditchoa 0, Sc V. 
Opisthopterus tardoore (C.) 
Anodontostoma ehaounda (Ham.) 


* The claseification of fishes is after Berg. 
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Family Engraulidae 

Coilia dussumieri C. & V. 
Anchoviella commeroonii (Lac.) 
AnekovieUa heterolobuo (Rupp.) 
AnchovitUa indica (v. Hass.) 
Anchoviella tri (Bleeker) 
Tkrisaocles duasumieri (C. & V.) 
Thriaaoclea malabaricua (Bleeker) 
Thriaaoclea myatax (Schn.) 
Thriaaoclea purava (Ham.) 
Thriaaoclea aeliroatria (Brouss.) 
Sub order CHIROCENTROIPEI 
Family Chkoccntridae 

ChifoeeniruB dorah (Forsk.) 

Order SCOPELIFORMES 
Family Synod idae 
Saurida tumbil (Bl.) 

Order CYPRINIFORMES 
Sub-Order SILUROIDEI 
Family Ariidae 

Tachyaurua duaaumieri (C. A V.) 
Oateogeneioaua militaria (L.) 
Family Bagridae 
Myatua gulio (Ham.) 

Order ANGXJILLIFORMES 
Sub-Order ANGUILLOIDEI 
Family Muraenesocidae 
Muraeneaox sp. 

Order GADTFORMES 
Sub-Order GADOIDEI 
Family Bregmacerotidae 
Bregmaceroa maccleUandi 
Thompson 

Older MUGILTFORMES 
Sub-Order SPHYRAENOIDEI 
Family Sphyraenidoe 

Sphyraena ohtuaata C. A V. 
Sub-Order MUGILOIDEI 
Family Mugilidae 
Mugil longimanua Gimther - 
Mugil apeigUri Bleeker 

Older POLY^JEMIFORMES 
Family Polynemidae 

Polydactylua plebeiua (Brouss.) 
Polydactylua hepiadaelylua (C.) 
Eleutheronema ietradaclylum 
(Shaw) 

Order PERCTTFORMES 
Sub-Order PERCODDEI 
Family Centropomidae 
Ambaaaia gymnoeephalua (Lac.) 
Family Theraponidae 

Therapon jarbua (Forskal) 
Therapon pula C. A V. 

Family Sillaginidae 
SiHago aihama (Forsk.) 


Family Lactarildae 
Laetariua lactariua (Bl. Schn.) 
Family Carangidao 

Caranx (Selar) djedaha (Forsk.) 
Caranx (Selar) kalla 0. A V. 
Caranx (Carangoidea) malabari- 
eua (Bl. Schn.) 

Caranx (Caranx) aexfaaeiatua Q. G. 
Megalaapia cordyla (L.) 

Decapterua ruaaelli (Rupp.) 
Chorinenvua tala (C. A V.) 

Paenea indicua (Day) 

Family Nemipteridae 

Nemipterua japonieua (Bl.) 
Family Leiognathidae 
Leiognathua bindva (C. A V.) 
Leiognathua inaidiator (Bl.) 
Leiognathua ruconiua (H. B.) 
Leiognathua equulua (Forsk.) 
Leiognathua aplendena (Cuv.) 
Leiognathua bloehi (C. A V.) 

Cktzza minuta (Bl.) 

Qerrea punctatua C. A V, 

Family Pomadasyidae 
Pomadaaya haata (Bl.) 

Family Sciaenidae 

Ololithea ruber (Bl. Schn.) 

Otolith ea argenteua (C. A V.) 
Paeudoaciaena aina (C. A V.) 
Paeudoaciaena sp. 

Johniua belengeri (C. A V.) 

Family Drepanidae 
Drepane punctata (L.) 

Sub-Order ACANTHUROIDEI 
Family Acanthuridae 
Teuihia oramin Gunth. 
Sub-Order TRICHIUROIDEI 
Family Trichiuridae 

Thichiurua haumela (Forsk.) 
Sub-Order SCOMBROIDEI 
Family Scombridae 

RaatreUiger kanagurta (Russell) 
Family Cybiidae 

Scomberotnorua cotnmeraon (Lao.) 
Scomberotnorua guttatua (Schn.) 

Sub-Order STROBfATEOIDEI 
Family Stromateidae 
Paraatromateua niger (Bl.) 
Chondroplaiea chinenaia (Euphr.) 

Sub-Order GOBIOIDEI 
Family Gobiidae 
Odbiua sp. 

Trypauehen vagina (Bl. Schn.) 

Order PLEURONECTIFORMES 
Sub-Order PLEXJRONECTOIDEI 
Family Soleidae 
Solea ovata Rich. 

Brachirua atbomaeulatua (Kaup.) 
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Family C^oglosBidAe 
Cffnogloatut dvln*i$ Day 
Cynogloant0 puneHeeps (Rich.) 
CpnoglottuB semi/aseiatut Day 


Order TETRODONTIFOBMES 
Sub-Order BALISTOIDEI 
Family Triacanthidae 
Triaea'nthu$ breoirottru Temm. 
ft Sohl. 


Sub-Order TETBODONTOIDEI 
Family Teti-odoutidae 
Tetraodon (Chelonodon)-' ptUoea 
Ham, 

Order BATRACHOIDIFORMES 
Family Batrachoididae 
Batraehua gntnnieru (Blooh.) 
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Table showing the rmmber of each species offish caught in the boat seine and the gill net during different fnonths of the year. 
Numbers without the brackets indicate the number of specimens caught in the boat-seine. 

Numbers within the brackets indicate the number of specimens caught in the gill net. 
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A SYSTEMATIC ACCOUNT OP THE CHAETOGNATHA OF THE INDIAN 
COASTAL WATERS, WITH OBSERVATIONS ON THEIR SEASONAL 
FLUCTUATIONS ALONG THE MALABAR COAST * 
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By P. 0. Gboboe; (-eiUral Marine Fisheries Research Station, West Hill, 
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(Communicated by Dr. H. S. Rao, F.N.I.) 


(Received July 18, 1950; after revision May 22, 1961 ; read January 1, 1962,) 


Contents. 

Page 

Introduction . . . . . . . . . . 657 

Material and Methods . . 658 

Acknowledgements . . . . . . . . 659 

Key to genera of Indian Chaetognatha and Key to Indian species of Sagitta 659 

Descriptive accounts of species 

Genus Sagitta 669 

Genus Pterosagitta 673 

Genus Krohnitta 676 

Seasonal occurrence of Chaetognatha in the Malabar Plankton 680 

Hydrographical Factors 680 

Discussion . . 684 

Summary . . 687 

References . . 687 

Key to lettering . . 689 


Introduction. 

Our knowledge of the systematica and distribution of the Chaetognatha 
(Arrow-worms) of the Indian Coastal Waters, particularly of the west coast of 
India, is very meagre. The Chaetognatha have assumed considerable importance 
in recent years, as they have been regarded as useful indicators of movements of 
oceanic waters (vide Russell, 1937; Kemp, 1938), which have a bearing on fishery 
problems. The present paper is an attempt to describe in detail the systematica 
of the Indian genera and species and the seasonal variations in the occurrence of 
the Chaetognatha along the Malabar Coast with reference to the changes id the 
hydrographical factors. 

The Indo-pacific region is rich in Chaetognatha as is evident from the results 
of the Siboga, Albatross and Sea^lark expeditions. Aida (1897) and Tokioka (1938 
to 1942) have drawn attention to the richness of the group in Japanese waters. 
Doncaster (1903) described a number of new species from the seas around Maidive 
and Laccadive islands, many of which were, however, shown by later workers to 
be synonyms of already described forms. 

The only detailed description of Indian coastal species is that by John (1933 
and 1937) based on collections made at Madras. Subramaniam (1940) recorded 
S, hedoti Beraneck from the same collection disputing John’s conclusions in regard 


• * Published with the permission of the Chief Research Officer, Central Marine Fisheries 
Research Station, Mandapam. 
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to the systematic position of certain species. Varadarajan and Cjhacko (1942) 
recorded in the Krosadai area the forms already described by John in addition to 
Spadella cephaloptera and Krohnia pacifica. Menon (1946) and Filial (1946, 
abstract only) have studied the Sagitta of the Trivandrum coast of which two {8. 
enflata and 8. bedoti) are fairly common and the remaining three are somewhat rare 
and only occasionally found in the plankton. Two of the three species of 8agitta 
of the Bombay Harbour considered distinct by Lele and Gae (1936) have been referred 
by George (1949) to 8. enflata and 8. robuata. 

Matbbial and Methods. 

Material for this investigation was collected mainly from the triweekly 
plankton hauls from the foreshore and oifshore waters, off West HiU, three miles 
north of Calicut in the Malabar District along the West Coast of India (76° 46' E. 
and 11° 17' N.). Plankton was always collected from a point two miles away from 
the coast (station A) for a period of half an hour between 5 a.m. and 6 a.m. on 
alternate days so as to maintain uniformity of samples. The studies on the seasonal 
variations in the distribution of chaetognaths were made from horizontal hauls 
obtained during a period of twelve months. The specimens found in the other 
hauls in this area, and those obtained from the offshore area (station B) were made 
use of in the preparation of the key of diagnostic characters. Samples of chaetog- 
naths obtained from plankton in Madras, Gulf of Manaar, Karwar and Bombay 
coasts provided material for the additions to descriptions of species. The material 
collected was preserved in 5% formalin and fractionated by means of Lea-Gibbons 
Sub-Sampler, and the number of specimens and species, and the morphological 
peculiarities noted. As far as possible fresh material was used in drawing up a 
table of diagnostic features, as the preserved material showed a certain amount of 
shrinkage, especially in the region of the fins and tactile bodies. For the accurate 
recording of the body proportions and fins, transparent stained specimens were 
more useful. A 3 to 6 minute immersion in 10% alcoholic solution of Cotton-blue 
gave good results for staining the fins and body. For studying the nature and 
pattern of the corona ciliata, specimens previously treated with Cotton-blue were 
allowed to remain for live minutes in a 1% aqueous solution of methylene blue. 
This method gave excellent results for delineating the important morphological 
details. The sketches were made with a camera lucida. measiirements were 
taken with the help of a counting slide with one mm. squares. 

The hydrographical data correlated Avith the catches are Salinity, Bain-fall 
and Temperature. Salinity was determined by the Oxner and Knudsen method 
as described by Harvey. The standard silver nitrate solution was checked by 
standard sea water supplied by Laboratoire Hydrographique, Copenhagen, and 
corrected with the help of Harvey’s salinity correction table. 

The classification adopted in this account is mainly that of Michael (1919) 
based on Ritter Zahony’s works (1911). Burfield and Harvey’s (1926) account of 
the 8ea-lark chaetognatha was useful as it included a large number of forms from 
the Indian Ocean and redescriptions of many of Doncaster’s species. In drawing 
up a detailed account of the Indian genera and species, the taxonomic features of 
the specimens already recorded from Indian, Australian and Japanese waters were 
found useful (vide Fowler, 1906; Doncaster, 1903; Thomson, 1047; Aida, 1897 and 
Tokioka, 1938 to 1942). The most serious difficulty in the identification of chaetog- 
natha is the close similarity of several species of 8agUta. Hence a key to genera 
and species of Indian forms is provided, based on such characters that are found 
not to vary with growth or maturity and that could be made out without much 
difficulty. A table of diagnostic features is appended at the end of the chapter on 
systematica, and tables of percentage measurements showing the possible vari- 
ations within the species are given at the end of the description of 6aoh species, 

T2B * • 
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hoping that these would prove more useful than a lengthy discussion of the 
comparison of specihc characters. 
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KEY TO GENERA OF INDIAN CHAETOGNATHA AND KEY TO INDIAN SPECIES OF 

SAGITTA, 


Key to genera. 


Collarette present, uniformly massive spreading over the single pair of lateral 
fins . . 

Collarette absent or not at all massive 

1. Posterior pair of lateral fins confined entirely to tail segment 
Posterior pair of lateral fins extending over trunk and tail segments 

2. Single pair of lateral fins 
Two pairs of lateral fins . . 


Pterosagitta 

SpadeUa * 

KrohniUa 

SagiUa 


1 

2 


Key to speciea o/ Indian Sagitia.. 


Collarette present 

Collarette absent . . . . . . . . . . . . enflata 

1. Corona ciliata elongate or looplike arising between or behind eyes 

2. Tail-septum without any constriction 

Tail-septum with a pronounced constriction . . . . . . S. tenuis 

3. Collarette extends up to the anterior pair of fins 
Collarette does not extend up to the anterior pair of fins 

*4, More than 70% of the posterior pair of fins situated on the trunk . . S. planktonis 
Less than 70% of the posterior pair of fins situated on the tnink 

5. Corona ciliata elongate arising in between eyes with the lateral fins of equal 

length or one slightly longer than the other , . . . . . S. robueta 

Corona ciliata hour-glass shaped arising far behind the eyes with posterior 
pair of lateral fin nearly one and a half times as long as the anterior pair S, regularis 

6. Paired fins rayless anteriorly 
Paired fins fully rayed 

7. Body hispid throughout and corona ciliata arising in between eyes with 

tactile bodies on the fins . . . . . . . , S. hiapida 

Body not hispid and corona ciliata arising behind the eyes with less than 
50% of the fin lying in front of tail septum; tactile prominences absent 8* negleeta 

8. Anterior pair of fins very long, always more than 30 % of the body length 8, pulchra 

Anterior pair of fins not very long, always less than 30% of the body length 8. bedoU 


1 

2 

3 

4 
6 

5 


8 

7 


DESCRIPTIVE ACCOUNTS OF SPECIES. 

Genus SAOITTA, Quoy and Gaimard, 1827. 

1. 8AQITTA PULCHRA, DONCASTER, 1903. 

Sagitta pulchra, Doncaster, 1903; Fowler, 1906; Michael, 1919. 

This species is not common along the east and west coasts of India. It is 
intermediate between the ‘enflata type’ with very thin transparent body and the 


* This genus was unrepresented in the {present collections, but SpadeUa cephcioptera was 
previously recorded from Krusadai (Voradarajan and Chacko, 1042) and Trivandrum (Menon, 
l046) coaata. 
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‘robusta type’ with opaque body and strong musculature. 'The body is translucent 
with strong body wall and does not shrink on preservation. 

The head is amall and narrow. The collarette is short, never extends up to 
the ventral ganglion, and stops less than half the distance from neck to the ganglion 
(Text-fig. 1). The anterior fin is very long, and always more than 30% of the 



Thxt-Fio. I. Tbxt-Fio. 2. Text-Fio. 3. Text-Fio. 4. 

S. pulehra S. planktonis S. negleeta S. tenuia 


total length of the animal, and begins at the base of, or up to, the anterior end of the 
ventral ganglion but with no coimection between it and the collarette. The narrow 
rayless anterior part of the fin is without extensions into the base of the fin. The 
shorter posterior fin, which arises close to or immediately behind the anterior is 
Very similar, with more than 50% of its length in the trunk region and extending 
posteriorly up to the seminal vesicle. The tail region is pointed with the tail fin 
triangular and fully rayed. The slight constriction at the tail region is visible 
through the moderately opaque body. The narrowly oblong, relatively short, 
corona ciliata originates between the eyes, and extends up to the hind end of the 
collarette. Two-thirds of its length is situated on the trunk region. There are 
6 to 8 extremely slender and very much curved prehensile jaws. The anterior 
and posterior teeth vary in number from 6 to 8 and 8 to 14 respectively. 

The species occurs along with Sagitta enflata and Sagitta bedoti, and can be 
easily distinguished from the fornier by the absence of rays in the anterior region 
and from the latter by the extremely long anterior fin and the inappreciable 
distance between the fins. 

Distribution ., — ^This rare form was recorded for the first time m Indian coastal 
waters by Gleorge (1949) from a collection made in the Bombay Harbour. It is 
also found in very small numbers in the plankton samples of Bombay, Calicut, 
Madras and Man^pam. Tokioka (1939) records it from Japanese waters as js 
rare one. 



SAQITTA PVLCHRA. 
Table oj percentage measurements. 
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2. 8AOITTA PLANKT0NI8, STEINHAUS, 1896. 

8agiUa planktonis, Steinhaus, 1896; Michael, 1919; Burfield and Harvey, 1926 

8agitta planktonis +8agitta zetesios, Fowler, 1906. 

8agUta planktonis occurs along mth 8. robusta. John (1937) considers it to 
be a rare form on the Madras coast. 

The body is opaque and the head is moderately large in size. The uniformly 
narrow and very long collarette extends up to the ventral ganglion, sometimes up to 
the anterior fin. (Fig, 2). The ventral ganglion occupies a unique position in that it 
is reached both by the collarette and the anterior fin on either side. The anterior 
fin is narrow and slightly longer than the posterior fin. Usually, the fins are very 
close together but in some cases they are confluent. The posterior fin is broader 
than the anterior with the rays of the paired fins not reaching the base. The 
seminal vesicle is situated just at the base of the posterior fin and far above the 
tail fin, as observed by Tokioka (1940) in those collected from the Japanese waters. 

Distribution. — 8. planktonis is scarce in all the collections. Plankton from 
Madras and Malabar showed a few ill-preserved ones. 


3. 8AGITTA NEGLECT A, AIDA, 1897. 

8agitta neglecta, Aida, 1897; Fowler, 1906; Michael, 1911; John, 1933; Tokioka, 
1939. 

8agitta neglecta occurs on the east and west coasts of India along with 8. bedoti 
and 8. ertfiata. It has been recorded previously from the Madras coast by John 
(1933) and from the Gulf of Manaar by Varadarajan and Chacko (1942), 

8. neglecta is medium-sized, generally opaque, with a slender body and 
prominent head. The species could also be easily distinguished by the less opaque 
tail. There is no pronounced constriction between the body and the tail wMch is 
continued uninterrupted from the trunk. Head is conspicuous and the neck is 
masked by a prominent collarette and thick epidermis. The collarette is narrow 
and extends to nearly half the distance from the neck to the ventral ganglion 
(Fig. 3). The long, and broadly sinuous corona ciUata is situated mostly on the trunk, 
the anterior part beginning from the neck. It extends downwards towards the 
ventral ganglion. The small and narrow anterior fin begins from the level of the 
ganglion. The posterior fin is broader and longer but usually never extends to the 
seminal vesicle. Both the fins are fully rayed. The triang^ar tail fin is situated 
below the seminal vesicle which is prominently oval in shape. 

Distribution. — 8. neglecta was obtained in the plankton throughout the year 
but in larger numbers soon after the South-West Monsoon. 


4. 8AGITTA TENUI8, CONANT, 1896. 

8agitta tenuis, Conant, 1896; Michael, 1919; John, 1933. 

This is one of the smallest species of 8agitta of these coasts, 6 to 6 mm. long. 
It was taken in large numbers from July to September on the Trivandrum coast 
(Menon, 1946). Jol^ (1933) and Varadarajan and Chacko (1942) recorded it from 
the east coast. 

The body is slender and opaque and is often found broken up into bits in 
preserved coUections. Head is small and the neck is prominent although a short 
collarette is present. The collarette is very narrow and inconspicuous and does not 
extend to more than one-fourth the distance to the ganglion (Fig. 4). The body 
is also narrow with a slight bulge in the middle region. The tail region is very 
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prominent due to the presence of a thick constriction at the tail septum. The 
wart-like prominences seen in front of the septum on either side are the openings 
of the oviducts. 

The short and narrow anterior fin arises from the level of the ventral ganglion 
or even slightly below, but never above it. The posterior fin is half elliptical, 
longer and broader than the anterior fin. Both the fins are completely rayed. 
The small seminal vesicle is situated betvreen the posterior and tail fins. The 
triangular tail region is as opaque as the trunk region. 

Distribution . — On the Madras coast 8. tennis was uniformly present but on the 
Malabar coast it was scarce except during the monsoon. 

5. 8AQITrA BEDOTI, BERANECK, 1896. 

SagiUa bedoti, Beraneck, 1895; Michael, 1919; Lele and Gae, 1936; Subramaniam, 
1940. 

SagUta bipunctata, Aida, 1897. 

Sagitta polyodon, Doncaster, 1903. 

Sagitta bedoti, forma typica, Tokioka, 1942. 

8. bedoti is one of the commonest species of 8agitta of the Malabar coast. It 
was previously recorded from the Bombay (Lele and Gae, 1936; George, 1949) and 
Madras coasts (Subramaniam, 1940). 

The small head is followed by the semitransparent and needle-shaped body. 
Fowler (1906) found a slight thickening of the epidermis of the neck instead of a 
real collarette in the 8iboga specimens of 8. b^oti. But Ritter Zahony (1911), 
Michael (1919) and Burfield and Harvey (1926) observed short but conspicuous 
collarettes. Lele and Gae (1936) thought that the short slightly thickened epidermis 
represented the collarette. As in the Japanese specimens (Tokioka, 1940) a distinct 
collarette is present in my specimens (Fig. 6). It is short, extending to less than 



Text-Fio. Text-Fio. 6. Text-Fig. 7. Text-Fig. S. Text-Fig. 9. 

S. bedoti, rohvata, S. enflata. S. regvlaris. S. hiapida, 
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half the distance to the ventral ganglion. The long and narrow corona oiliata 
arises slightly in front of the eyes and extends to two-thirds the distance towards 
the ventral ganglion. 

The anterior fin extends up to the level of the ventral ganglion, and in large 
Hpecimens oven slightly beyond. The anterior half of both the fins is rayless. The 
anterior fin is less than a third as long as the animal, which is in contrast to the 
condition found in 8. pulchra. The posterior fin is never longer than the anterior 
(in and more of it lies behind the tail septum. The elongated seminal vesicle is in 
close contact with the posterior fin and caudal fins. The vesicle is less prominent 
at the anterior end than in that of 8. rabiista. The tail is continuous with the trunk 
and without any constriction. The trunk is more or less of uniform width except 
in the region of the anterior fin where it is slightly wider. 

Both rows of teeth show uneven tips. The closely arranged posterior teeth 
which are as many as 29, give them an appearance of being set in two rows one 
above the other. 

Distribution. — 8. bedoti occurs in large numbers along both the coasts of India. 
They form a great part of the collections made in Madras, Mandapam, Calicut 
and Bombay. 


6. 8AOITTA R0BV8TA, DONCASTER, 1903. 

8agiUa robusta, Doncaster, 1903; Burfield and Harvey, 1926; George, 1949. 

8agitta hispida, Aida, 1897. 

8agitta feroXfDonemter, 1903; Michael, 1919. 

8agiUa bombayensis, Lelo and Gae, 1936. 

This is the most ‘robust’ chaetognath in the collections from our coasts which 
shows great variations in the nature of the collarette and the fin length (vide 
Burfield and Harvey, 1926). George (1949) has 8ho^vn that 8. bombayensis Lele 
and Gae (1936) is a synonym of 8. robusta Doncaster. 

The maximum length attained by 8. robusta in my collections is 17 mm. Body 
is opaque and the head is relatively large and broad. Tail is about J the total 
length of the animal. Epidermis is thick all over the body length and particularly 
so behind the head. The head is broader than the trunk and the neck is almost 
masked by the well developed collarette wliich may extend up to the ventral 
ganglion reaching even the anterior pair of fins. The collarette is more than a 
fourth as broad as the body is wide (Fig. 6). The ventral ganglion is generally 
slightly in front of the anterior fin and covered over by the collarette. As the table of 
measurements shows these characters are highly variable. The elongate corona 
ciliata arises between or slightly in front of the eyes extending backwards into the 
trunk. 

The narrower anterior fin may be shorter than, as long as, or longer than, the 
posterior. In most of the East Coast sxjccimens the anterior fin is sUghtly longer 
than the posterior, which in John’s (1933) opinion characterises the Philippine 
forms. The posterior fins are generally as long as the anterior fin but may be 
longer or shorter than the latter. The broader posterior fin which extends up to 
the seminal vesicle has more than 60% of its length in the tail segment, and is 
broadest behind the tail septum. 

Distribution. — 8. robusta is a tjrpical warm-water species found in the 
collections from Bombay, Karwar, Calicut and Madras. Specimens from inshore 
collections show a range in length from 7 to 13 mm., while those obtained offshore 
were much larger. 
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7. SAOITTA ENFLATA, GRASSI, 1881. 

Hagitta cnflata, Grassi, 1883; Aida, 1897; iJoncaster, 1903; Fowler, 1906; 
Michael, 1919. 

SagUta gardineri, Doncaster, 1903. 

ii(igiUa flaccida, Doncaster, 1903. 

Sagitta enfiala^tiagitta gardineri, .lohn, 1933. 

Sagitta gardineri, Lele and Gae, 1936. 

This is the most common sixjcies of Sagitta of both the coasts of India. 

The tumid, transparent body with its thin wall presents an ‘inflated’ 
appearance. The broad and opaque head is .separated from the trunk by a distinct 
neck (Fig. 7), which is without a collarette. The corona ciliata is limited entirely 
to the head region. The trunk is widest in the middle. The tail region is extremely 
narrow and is marked from the rest of the body by a moderately pronounced 
constriction. 

Fins are very transparent, delicate and completely rayed, and except in the 
tail fin tlie rays do not reach up to the base. The anterior fin is generally slightly 
shorter than the posterior fin, but may be as long, and is semi-elliptical in shape. 
It is situated far down below the ventral ganglion, the distance between the two 
varying from 12 to 21 per cent of the total length of the body. In preserved 
specimens tliis distance varies, with the anterior fin often much less conspicuous 
than it is in fresh ones due probably to great shrinkage in this region. 

The posterior fin is always much broader and longer than the anterior fin. 
Distance between the paired fins is always more than 8% of the total length of the 
animal, with the result that they are never confluent. More than 60% of the 
posterior fin lies on the trunk. The small, spherical seminal vesicle is situated far 
below the posterior fin almost touching the base of the tail fin, and its glandular 
and non-glandular areas cannot be differentiated. Tokioka (1939) considers this 
type of seminal vesicle as the most primitive type as it lacks differentiation into 
‘head’ and ‘trunk’ regions. 

The short tail is. always less than J its total length and when compared to the 
inflated trunk the tail is inconspicuous. The body is so transparent that the tail 
septum is easily seen through. The triangular tail fin is fully rayed. 

Distribution. — S. enflata is the commonest chaetognath in all my collections, 
especially in the December to May period. It is rare in the collections of 
the monsoon season. John (1933) and Michael (1911) have apparently seen small- 
sized specimens of 12-13 and 16-21 mm. length in the Madras and San Diego 
collections. Specimens in my collection are as long as 24 mm., especially those 
obtained from Gulf of Mana.ar and from the offshore station at Calicut. The 
specimens obtained from the inshore waters were, however, relatively small as in 
the length ranges recorded by John. 


8. 8AQITTA REQVLABI8, AIDA, 1897. 

8agUta regularis, Aida, 1897; Doncaster, 1903; Fowler, 1906; Burfield and 
Harvey, 1926. 

8, regularis is another small chaetognath which never seems to attain a length 
of more than 7 mm. This species does not occur in such large numbers as 8. enflata 
or 8. hedoti, but is fairly common during the hot months. 

The head is small and inconspicuous. Eyes are large and prominent.' The 
body is small and narrow. The tactile hairs are regularly arranged on either side 
of the trunk, more so in the anterior region. The well-defined collarette extends 
to the ventral ganglion and sometimes to the anterior fin. The collarette is of 
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more oc less uniform wid^ between the head and the ganglion. A thiok epidermis 
extends along its length ehowing a slightly larger thickening behind the head. The 
corona ciliata is limited to the anterior region of the trunk (Fig. VIll), 4nd is 
hour-glass shaped. 

The semi-elliptical and completely rayed anterior fin arises below the ventral 
ganglion, and is shorter than the posterior, which is broader and nearly one and a 
half times longer them the anterior fin. The distance between the two pairs of fins 
is appreciable. The seminal vesicle is like that of S, bedoti except that it does not 
reach the tail fin, and has the glandular and non-glandular areas not so well 
differentiated as in robtista. The triangular tail fin is fully rayed. 

Distribution. — S. regularis was found in appreciable numbers in Calicut 
especially during the summer and early monsoon months, but was rare in the 
oc^ections of the east coast. 

9. 8AGITTA HI8PIDA, CONANT, 1896. 

8agitta hispida, Burfield and Harvey, 1926. 

8. hispida is very rare in the Malabar plankton. The systematic position of 
this species was very much in doubt owing to the incompleteness and contradictory 
nature of the original descriptions and sketches. Burfield and Harvey (1926) 
redescribed it giving all the well-marked diagnostic characters of the species. 

The head .is cylindrical and is slightly broader than the trunk. The neck is 
inconspicuous. Body is translucent, narrow and greatly ‘hispid' due to the 
presence of large number of tactile hairs which extend all over the body. The 
collarette extends half way to the ventral gang^on. The muscles are strong and 
do not shrink on preservation although the sensory hairs generally fall off. The 
ventral ganglion is very nearly reached by the anterior fin, but not by the collarette 
(Fig. 9). The elongated sinuous corona ciliata starts in front of the eyes and 
extends half Way up to the relatively large and swollen ventral ganglion. The 
fully rayed anterior fin is narrow and short. The posterior fin is longer and broader 
than the anterior fin, and has more of its length lying on the trunk and never reaches 
the seminal vesicle as in-iS. robusta. The tail is roughly a fourth to a third of the 
total length of the animal. Tactile bodies are very distinct on the tail fin. The 
prominent-seminal vesicle reaches the caudal fin. 

Distribution, — 8. hispida was obtained in small numbers from the Calicut 
coast in April and May. Two specimens were found along with 8. robusta in the 
sollections from the Qulf of Manaar. 

Genus PTEB08A0ITTA, Costa, 1869. 

Syu. 8padetta, Langerhans, 1880. 

Pterosagitta, Michael, 1919. 

1. PTER08AQ1TTA DRACO, (KROHN, 1863). 

8paddla draco, Aida, 1897; Fowler, 1906; Michael, 1911. 

, Pterosagitta draco. Bitter Zahony, 1911; Michael, 1919; Burfield and Harvey, 
926; Tokioka, 1939. 

This species is described m an inhabitant of warm oceanic waters. Only 6 
-peoimens* are present in my collections, of which one is from the Gulf of Manaar. 

* One of these oolleoted tram Oallout was lent to me for examination by Mr. B. V. Nair 
o whom my thanks are due. 

1 $ 
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The body appears to be very broad due to the long and massive collarette 
which extends to the fin. Head is large and oval and the neck inconspicuous. 
The single pair of lateral fins is situated entirely on the tail segment. It is semi- 
elliptical, small and fully rayed. The collarette with its cellular structure spreads 
over the fin extending almost up to its posterior end. The triangular caudal fin 
is fully rayed. The seminal vesicle resembles that of S. robusta in being in contact 
with the fins. In mature specimens the ovary extends far up on the trunk rendering 
the region opaque. 

The tail region is much longer than in any species of SagUta being nearly half 
the total length of the animal (41 -6 to 43-6%), but there seems to be considerable 
variations in the tail-body proportions (from 39-6 to 57%), judging from the records 
of Michael (1919), Fowler (1906), and Burfield (1926). The slightly curved pre- 
hensile jaws are faintly serrated on their inner edge. Except 'for two or three of 
the anterior-most teeth which are long and broader, the rest are all small. The 
posterior row has generally double the number of teeth than the anterior. A 
pair of bundles of large tactile hairs were seen on either side of the trunk at the 
level of the ventral ganglion in the specimen lent to me by Mr. Nair. Except for 
this peculiarity and except for its being small and immature it is like any other 
specimen of Pteroaagiita draco. 


Qenus KROHNITTA, Bitter Zahony, 1911. 

Syn. Krohnia, Langerhans, 1880 (jlart); Strodtmaim, 1892 (part). 

Spadella, Grassi, 1883 (part). 

KrohniUa, Michael, 1919. 

The genus is represented by two forms which are not very different from one 
another. Bitter Zahony (1911) and Michael (1919) consider that the difference 
between them is inadequate to justify their rank as independent species while 
Tokioka (1939) and Thomson (1947) prefer retention of both the species. Burfield 
and Harvey (1926) have recognised only one species, but with two forms, K. subtilis 
forma typica and A. subtilis forma pacifica, as the differences noticed are considered 
to be minor. Although the differences between the two are not very striking, 
some of the characters appear to be constant and independent for each species ai^ 
since no intermediate stage has so far been obtained, the two forms are described 
here as two separate species. 


1. KROHNITTA PACIFICA (AIDA) 1897. 

Krohnia pacifica, Aida, 1897; Doncaster, 1903; Fowler, 1906; Varadarajan 
and Chacko, 1942; Filial, 1945. 

KrohnUia pacifica, Tokioka, 1939; Thomson, 1947. 

This is the common species of KrohniUa of Indian coastal waters. The body 
is short and broad and the neck is very prominent. The head is slightly broader 
than the trunk. The collarette is absent. The top-shaped corona ciliata extends 
slightly downwards in the region of the neck. I^e prominent ventral ganglion 
lies halfway between the neck and the lateral fin. The fin rays generally do not 
reach the base. The fins on fixation have been observed in many cases to shrink 
considerably masking the original pattern. More of the fin is situated on the tail. 
The seminal vesicle is Isurge, oval shaped and overlapped by the lateral' fin. The 
ovary in mature specimens is long extending beyond the anterior end of the lateral 
fin. The tail fin is spatula-shaped and fUlly rayed. The prehensile jaws are 
curved at the middle and sharply pointed. The degree of curvature of the spines 
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vary not only in different individuals but also in the individual jaws of the same 
specimen. Teeth are broad based and conically arranged. 

Distribution. — ^Varadarajan and Chacko (1942) and Pillai (1946, abstract) 
have recorded this species from the east and west coasts respectively as Krohnia 
pacifica. This species is represented in most inshore collections on both the coasts 
of India, although it is more common in the offshore hauls, especially during March 
and April. Compared to the forms recorded from the Philippines and Japanese 
waters, the local forms are much smaller in size. 


2. KBOHNITTA SUBTILIS (GRASSI, 1883). 

Krohnia avbtilis, Strodtmann, 1892; Fowler, 4906 and 1906. 

Krohnitta subtilis, Ritter Zahony, 1911; Michael 1919; Burbeld and Harvey, 
1926 (part); Tokioka, 1939; Thomson, 1947. 

This species is very rare in the present collections. The body is longer and 
more slender than that of K. pacifica. The tail septum is very prominent. The 
paired fin is more round than oval in shape. The ovary is short and stumpy in all 
the specimens examined. The seminal vesicle is less pronounced. 

The confusion that prevailed up to the first quarter of the present century in 
the systematic position of many of the earlier incompletely described species, due 
mainly to the lack of full realisation of the wide range of variations in the morpho- 
logical features chosen as diagnostic characters, was gradually cleared through 
the efforts of Michael (1919) and Burfield and Harvey (1926). In assigning 
Doncaster’s (1903) numerous species to their correct systematic positions, the latter 
have shown the importance of percentage measurements, and of the in^cation of 
the limits of variation of the length of collarette, of the size, structure and position 
of the anterior and posterior fins, and of the relative positions of the anterior and 
posterior fins to the ventral ganglion and to the seminal vesicles respectively. 

The variations in the structure and length of the anterior and posterior pairs 
of fins have been made use of as one of the diagnostic features of Sagitta. For 
instance, the very long anterior fin in pvlchra occupies more than thirty per cent of 
the total length of the animal, while, in bedoti and planktonis the anterior fins are 
longer than the posterior. In enflata, regularis, neglecta and tenuis the anterior 
fins are shorter than the posterior to a variable degree. In robusta the fin length 
is variable. According to Burfield and Harvey (1926) the relative lengths of the 
anterior and posterior fins in robusta are variable with equality between the two 
or slight inequality. The numerous combinations of fin length in robusta have 
been suitably illustrated by them with sketches and tables. If relative length of 
the fins alone is a distinguishing character many diflficulties arise as for instance in 
the correct differentiation of bedoti from robusta which necessitates the use of other 
characters in the fins. The structure of the collarette and its relative position to 
the ventral ganglion and the anterior fin, the shape of the corona ciliata and its 
position in relation to the eye spots, the structure of the seminal vesicle and its 
relation to the posterior and caudal fins have been used in the classification of 
chaetognaths. The variation in the number of jaws and teeth on which Doncaster 
(1903) based his species have been proved to be unreliable by later workers as this 
character appears to be correlated with temperatmes of warm and temperate waters 
(vide Michael, 1919). Thomson (1947) has shown that the relative length of the 
ovary in mature sjwcimens can be used with advantage in the determination of 
species of Krohnitta, although this method has been fotmd to be, less suitable with 
preserved material due to opacity. Characters such as the percentage distance 
between the genital openings, the presence of thick epidermis, the presence or 
absence of sensory tufts of hairs, etc., have also been found to be unreliable. 
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Seasonal oocubbbncb of Ohabtoqnatha in thb Malabab Plankton 

In the plankton off West Hill, Calicut, Chaetognatha, especially Sagittal never 
failed to occur in the weekly colle^ions, although there were marked variations in 
the relative abundance of the different species or in the presence or absence of any 
particular species in the different parts of the year. Figure 10 (Graph I) illustrates 
the fluctuations in the occurrence of Chaetognatha along the Malabar Coast and 
their correlation with salinity and rain-fall from May, 1948 to May, 1949. It shows 
two peaks of abundance, a major one — ^the S. enflata and 8, negleda peak in the 
October-December period, and a minor one — ^the 6'. hedoii and 8. robusta peak from 
late May to early July. The former is probably due to the return of normal 
conditions in the sea dwing the post-South- West Monsoon period. There are 
two periods of scarcity of chaetognaths, that is, a pronounced one from end of July 
to the end of September, and a lesser one from January to March. The scarcity in 
the former is due to the sharp fall in the number of 8. enflata, the commonest form 
of the coast, at this time of the year, and in the latter to the general reduction of 
population of arrow- worms on this coast. 

The attached table of monthly percentage distribution of chaetognaths gives 
an idea of the conditions prevailing in the various seasons. With the break of the 
monsoon during the latter half of May there was a decline in 8agitta enflata which 
fell rapidly in numbers during June and July becoming very rare in the plankton 
during August. Enflata was replaced in May and June by b^oti and robusta which 
reached their peaks of abundance in June and declined steadily thereafter. Tenuis 
appeared in June and July. Neglecta and regularis were more or less uniformly 
distributed during the rainy season. Pterosagitta draco and Krohnitta subtilis, which 
were recorded in small numbers in May, disappeared during the rest of the period 
of the South-West Monsoon. While neglecta and enflata registered a gradual rise 
during September, tenuis and bedoti declined, the remaining species being 
unrepresented. 

Chaetognaths reappeared in large numbers during October and almost all 
the species recorded during the year were represented maintaining the highest 
total for the month. Enflata collected in October was mostly immature and small 
and occurred in large numbers. It increased in numbers in November reaching 
its peak in December, and during these months it had attained a length of 24 mm. 
The neglecta peak in October was followed by a steep decline in November and a 
rise again in December. Bedoti and robusta also registered a marked rise from 
October to December. K, snbtilis was common during October and fully ripe with 
the ovaries reaching the level of the ventral ganglion. Other species were rare 
during the cold months. During January, regularis attained a peak and was 
uniformly distributed in the succeeding hot months. Although the enflata peak 
was not attained till December, the species was well represented throughout the 
hot season.^ Bedoti and robusta were also abundant from January to April, the 
latter showing a minor peak in April. Neglecta and tenuis were few and the other 
species rare, during these months. (Text-fig. 11, Graph 11). 

Hydbogbaphical Pactobs. 

An attempt has been made to correlate the seasonal fluctuations in the Sagitta 
population in the West Hill Sea with the salinity and temperature of surface waters 
^d the rain-fall. The range of salinity was 36-64% in May to 28-88% in July, 
^e salinity values fell rapidly with the onset of the monsoon and remained very 
low during June and July after which a slow but steady rise was noticed. They 
remained more or less steady during the occasional October-November rains. The 
variations in salinity in the coastal waters of Malabar are not unlike those observed 
in Bombay Harbour (Bal et at., 1946). The poor North-East Monsoon was 
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apparently responsible for the small change in the salinity of the inshore waters 
during the October-Norember period. The salinities were fairly statioiuuy up to 
March when they began to rise to the maximum in the first week of May. Early 
and heavy pre*monsoon rains in the latter half of May maintained sali^ties and 
temperatures of the inshore waters at low levels for a period. A decline in the 
zoo-plankton elements and a gradual rise in the phytoplankton elements towards 
a peak were also characteristic features of this period. The sudden lowering of 
salinity and surface temx)erature results in curious changes in the composition of 
populations of Arrow-worms as for instance the complete disappearance of enfiata 
and the attainment of a peak of occurrence in tenuis. As the graphs show, the 
salinity changes do not seem to affect the other species of Sagitta to the same extent. 

Discussion. 

It may be seen from the foregoing account that arrow worms occur in the 
coastal waters of the West Coast throughout the year with a few periodical inter* 
and intra-spccifio fiuctuations as shown in the tables and graphs, and the present 
contribution fully corroborates what has been observed already on the Madras 
Coast by Mcnon (1931) and Aiyar, Menon and Menon (1936). The present investi- 
gation based on triweekly collections over a whole year shows that although 
chaetognaths are represented in the plankton all the year round, there are periods 
of occurrence of maxima and minima as seen in the accompanying graphs. 
Whether these periods of abundance and scarcity have an 3 rthing to do with the 
increase or lowering of salinities have not been elucidated beyond controversy 
(vide John and Subramaniam, 1937). The plankton of the Malabar coast during the 
October-December and May-June periods contains abundant chaetognaths with 
a major peak period for species of Sagitta in the former. In the peak that occurs 
after the South-West Monsoon the larger species, enflata, dominates, while in the 
minor peak during May-Jime the smaller species bedoti and tenuis dominate. 8. 
robvsla seems, however, more or less uniformly distributed in both the periods of 
maxima. 

It is well known that the fluctuations in salinity and temperature are generally 
of the same pattern in all coastal waters (Sverdrup, 1942). According to 
Chidambaram and Devidoss Menon (1945) the surface temperature of the inshore 
waters of the West Hill coast reaches its maximum in March- April and its mim'mum 
in June- August. A similar maximum is reached in October. This is in a line with 
salimty readings recorded by the present author for the same region showing that 
the fluctuations in temperature and salinity are more or less sii^ar. The histo- 
grams illustrating rain-fall on the West Coast in a whole year show that low 
salinities and temperatures prevail daring the season of maximum rain-fall. The 
present investigation reveals that the chaetognath population in the coastal waters 
react in different degrees to these fiuctuations. The distribution of enflata seems 
to follow closely the rise and fall of salinity. It becomes progressively scarce from 
May to early Au^st, but in October it tends to rise again reaching a peak 
in December. This is in accord with the observations of Tokioka (1940) on enflata 
in the regions where the warm oceanic and cold or brackish waters mingle. Clarke 
et al. (1943) have observed on George’s Bank that enflata occurred entirely outside 
the margin of the mixed area and that the species could not tolerate lower 
temperatures and salinities. 

While enflata disappears almost completely from the surface plankton during 
the periods of low salinity and temperature, tenuis seems to take its place in coastal 
waters. 8. tennis, the smallest recorded species on the Malabar coast, is almost 
wholly limited in occurrence to the monsoon period. This is in agreement with 
the observations of Menon (1946) on the Trivandrum coast. 8. robusta and bedoH 
have a more or less uniform, distribution throughout the year. These n-nd reguhrie 
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appear to be less affected than others by sadden changes in salinity and tempera- 
tore. The interesting suggestion, that the thick epidermis eharaoteristio of these 
species may be one of the factors which make them less sensitive to the sharp 
flaotuations in salinity, temperature, and rain-fall, appears plausible (vi^ John, 
1837), 

The part played by the Sagitta of this coast as indicators of oceanic currents 
will apparently remain obscure until more information on the Indian Ocean currents 
affecting coastal waters is forthcoming. The sporadic occurrence during the 
monsoon season of large numbers of enfiala m the 15 meter horizontal hauls of 
plankton seems to be correlated with the abnormal salinity, pH, phosphate, and 
silicate values recorded during the period, indicating the possibility of a sadden 
influx of oceanic water affecting inshore areas. 

According to Hardy (1924) and Lebour (1921) Sagitia form a good proportion 
of the stomach contents of the European Herring, Clupea harangua. Varatoajan 
and Chacko (1942) and Chacko (1950) found arrow-worms in the stomachs of several 
clupeid fishes and mackerel. The investigations carried out at this research station 
ra the food of mackerel for over a year indicate that arrow-worms constitute a rare 
inclusion among stomach contents even daring periods of abundance of Sagitta 
in the plankton. 

It is felt that with a more detailed knowledge of the ocean currents and the 
biology of arrow -worms of our seas than has been presented in this paper, it will be 
possible to interpret the significance of their distribution both in relation to their 
predators and the hydrographical conditions. 


SUMMAEY. 

The syatematics of the common Chaetognatha of the Indian coastal waters Is briefly 
discussed. Nine species of Sagitta, e.g. enflaia, bedoti, robusta, negketa, tenuis, regularis, hiapida, 
planklonis wd pulchra, two of Krohnitta, e.g. paeiflca and subtUis and Pteroaagitta ebaeo are 
described with special reference to the body proportions which indicate the limits of variations. 
Eejm to the genera and species of Indian Chaetognatha and a table of diagnostic features of 
Indian Sagitta are included. The seasonal variations in the distribution of the Chaetognatha 
of the Malabar Coast are discussed with reference to temperature, salinity and rain-fall. It is 
shovm clearly that although Chaetognatha as a group occurs in our seas throughout the year 
the individual species have their own seasons of abundance and scarcity. The most noteworthy 
feature of the present study is that S. enflata cannot tolerate the lowered (m-lini tiss of sea- 
TOter duri^ the monsoon period. The need for further study of the habits of arrow-worms 
is stressed in view of their importance as indicators of ofCyiore or oceanic water movements. 
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. . anterior fin. 
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. . collarette, 
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. . corona ciliata, 
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.. eye, 

t.a. 

P./. 

. . posterior fin. 

v,g. 

s.v. 

. . seminal vesicle. 


. . tactile body, 

. . tail fin, 

. . tactile liair, 

. . tail septum, 

. . ventral ganglion. 
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